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PREFACE 


Once again we are very grateful for the generous reception accorded the previous 
editions of this book and hope that this one will prove even more helpful to medical 
students, physicians, teachers, clinical pathologists and medical technologists. As in 
previous editions, the present book is devoted largely to the principles and technic of 
laboratory methods and normal values. The changes due to disease and their clinical 
interpretation are given in a separate book by the senior author, Clinical Diagnosis by 
Laboratory Examinations, also published by Appleton-Century-Crofts, Inc. 

In the interests of accuracy all methods have been described with considerable 
detail. As is true of clinical examinations, no laboratory method can be better than the 
thoroughness and skill with which it is conducted. In this connection we greatly hope 
that laboratory technologists will conduct the tests exactly as described. Particular 
emphasis is to be placed upon the importance of using accurately prepared reagents, 
especially in serologic and chemical examinations. No matter how carefully a test is 
conducted the results cannot be accurate or acceptable if the reagents are defective. 
This is at least one important reason for discrepancies in reports by different labora- 
tories examining portions of the same specimen or specimens. During the past sixteen 
years progressive improvement in the serologic tests for syphilis has resulted from the 
annual serologic surveys conducted by the United States Public Health Service in 
cooperation with the American Society of Clinical Pathologists along with serologic 
surveys conducted by the Departments of Health of various states and municipalities. 
Undoubtedly, similar surveys in clinical pathology, bacteriology, and blood chemistry 
would prove extremely valuable from the standpoint of improving the clinical value 
of laboratory examinations. 

Since the accuracy of laboratory examinations may be impaired by the improper 
collection of specimens by physicians, regardless of the thoroughness and skill with 
which they are examined in the laboratory, we have thought it advisable to describe 
methods for the collection of specimens with considerable detail. In this connection 
laboratories are advised and urged to refuse to examine improperly collected and pre- 
served specimens when these may yield erroneous and misleading results. 

The present edition has been extensively revised, largely rewritten and considerably 
enlarged by the inclusion of newer methods and new illustrations. Every year new 
methods are developed and added to the facilities of clinical laboratories, but older 
methods of proven value have not been deleted unless replaced by newer ones of 
greater accuracy and diagnostic value. In many instances two or more methods have 
been given for the same examination when it was thought necessary or advisable to 
do so. Space does not permit the listing of all the new material included in this edition, 
but mention may be made of phase microscopy, the nomenclature of cells and diseases 
of the blood and blood-forming organs proposed by the Committee for the Clarification 
of Nomenclature, a method for determining blood and plasma volumes, the rapid 
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system for routine urine analysis by Wolman, Evans and Lasker, the Papanicolaou 
cytodiagnosis ef cancer, the V.D.R.L. method for quantitative estimation of spinal 
fluid protein, the Rana pipiens urine hormone test for pregnancy, Isenberg’s method 
for staining spermatozoa, Alving and Miller’s inulin clearance and the thymol turbidity 
tests for liver function, many new and improved culture media, methods for testing the 
susceptibility of bacteria to various antibiotic compounds and methods for assaying 
the body fluids for them, newer methods in the rapidly developing field of virology, 
the laboratory diagnosis of toxoplasmosis, tests for Rh agglutinins, blocking antibody 
and types of the Rh factor, the Rein-Bossak slide flocculation and the V.D.R.L. micro- 
and macroflocculation tests for syphilis, flame photometry and skin tests for histo- 
plasmosis and drug allergies. In this connection we are indebted to Dr. Samuel W. 
Eisenberg for contributing a method for the sigmoidoscopic collection of material for 
examinations for amebae using the Fradkin aspirator. 

In conclusion we wish to express deep appreciation to the collaborators, separately 
listed, for their kindness in revising various chapters. We are especially indebted to 
Dr. Chris J. D. Zarafonetis for revising the chapter on Methods for the Examination 
of the Blood, Dr. Theodore G. Anderson for revising the chapter on Methods for the 
Preparation and Sterilization of Glassware, Dr. Morton Klein for the preparation of 
a new chapter on Diagnostic Virologic Methods, Dr. Edwin S. Gault and Mr. Anthony 
J. Lamberti for revising the chapters on Methods for Parasitologic Examinations of the 
Feces and Methods for Parasitologic Examinations of the Blood and Tissues, Dr. Israel 
Davidsohn for revising the chapter on Methods for Conducting Hemagglutination and 
Blood Grouping Tests and to Dr. William N. Campbell for rewriting the chapters on 
Methods for the Microscopic Examination of Tissues and Methods for the Preservation 
of Gross ‘lissue Specimens. We are deeply appreciative to the publishers, Appleton- 
Century-Crofts, Inc., for permission to revise this edition so thoroughly, and for their 
unvarying courtesy and efficiency. We are also indebted to Mrs. Edna M. Kershaw 
for secretarial services. 


Joun A. KoOLMER 
EARLE H. SPAULDING 
Howarp W. Rospinson 
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Part One 
GENERAL LABORATORY METHODS 


1 


THE MICROSCOPE AND METHODS OF 
MICROSCOPY 


EQUIPMENT 


The microscope is among the most essential and most frequently used instruments 
in the laboratory. An instrument of recent manufacture is always desirable. There is 
no choice among microscopes insofar as the optical systems are concerned, but a par- 
ticular type of standard design may be preferred. Their general construction is shown 
in Figure 1. They should be handled and carried only by the arm H in order to avoid 
strain on the coarse and fine adjusting mechanisms. The monocular types of micro- 
scopes are more commonly used because they are least expensive. The binocular micro- 
scopes, however, are more desirable because they produce less fatigue when used over 
longer periods of time (Fig. 2). 

The optical system of a microscope consists of (1) the objective or lens which is 
compound, i.e. made of a series of lenses, (2) the ocular or eyepiece which further 
magnifies the image, and (3) the substage condenser which concentrates light on the 
object as it rests upon the stage, thereby increasing the illumination. 

Objectives. Objectives are named by their equivalent focal length; also according 
to their construction or manner of use, as (1) dry objectives, (2) immersion objectives, 
(3) achromatic objectives, and (4) apochromatic objectives. 

Dry Opyjectives. These are simple with air alone between the front lens and the 
coverglass of the preparation. 

IMMERSION OBJECTIVES. Some are so constructed that water must be placed between 
the front lens and the coverglass for the objective to function properly. Others require 
more illumination than can be delivered by the condenser with air space or water 
between lens and objective. Cedar wood oil, which has the same refractive index as 
glass, must be placed between the front lens and the coverglass and between the glass 
slide and the condenser. These are the well-known oil immersion objectives. They will 
not permit full illumination or clear resolution without being immersed in oil. The 
common practice of using paraffin oil because of its being less sticky is not recom- 
mended. 

AcHROMATIC OBJECTIVES. These are objectives in which the image is free from the 
rainbow colors. A simple or single lens does not bring light of different wave lengths 
(different colors) to a common focal point. The light of shortest wave length (the 
blue-violet end of the spectrum) is bent or refracted most by a lens and comes to a 
focus nearer the lens than light of a longer wave length (red end of the spectrum) 
which rays are bent or refracted less. This means that the image of a colored object 
will not be in sharp focus for all colors. The phenomenon is called chromatic aberra- 
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tion. It may be corrected by placing a second, concave, flint glass lens behind the 
primary convex, crown glass lens. The use of fluorite or fluorspar in the second lens 
permits a higher degree of correction. Achromatic objectives are corrected for two 
colors. They are also corrected at the same time for spherical aberration. 

ApocHROMATIC OBJECTIVES. These are corrected for spherical aberration and for 
three colors and are, therefore, more desirable for photographic purposes. 
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Fig. |. A satisfactory type of microscope. 


E is the eyepiece, of which two or three are usually furnished for varying degrees of magnification. 

D is the draw tube, which is calibrated and should always be drawn to 160 or any other length 
recommended by the manufacturer. 

T is the body tube. 

RN is the revolving or triple nosepiece carrying the objectives. 

O is one of the usual three objectives. 

R is the rack upon which the tube is raised or lowered. 

PH is the pinion screw for coarse adjustment. 

MH is the micrometer screw for fine adjustment. 

H is the handle. 

S is the stage. 

SS is the substage carrying the Abbe condenser with diaphragm. 

M is the mirror with plane and concave surfaces. 

J is the inclination joint for using the microscope in an inclined position. 

P is the pillar. 

B is the base, which should be large and solid. 


As a general rule there should be three objectives on a triple, revolving nosepiece, 
namely, a 16 mm., a 4 mm. and a 1.9 mm. (oil immersion). 

Oculars. Oculars are usually designated by their magnifying power, as 5X, 7.5X, 
or 10X. It is their function to pick up the image formed by the objective and enlarge 
it further. Thus the degree of magnification of an object visualized may be determined 
by multiplying the magnification power of the ocular by the magnification number of 
the objective. (Tube length must be properly adjusted.) Oculars are also designated 
according to their construction. Huygenian oculars are the least expensive and those 
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most commonly used. They do not possess the correction of better forms for color or 
flatness of field. Compensating oculars are overcorrected so as to further reduce 


chromatic and spherical aberration of an objective. They should always be used in 
conjunction with apochromatic objectives. 


Fig. 2. Binocular microscope. 


(Courtesy of Bausch and Lomb Opti- 
cal Company.) 


Fig. 4. Micro lamp, substage form. 


Magnification. The magnification of any combination of objectives and oculars 
may be obtained by multiplying the magnification of the objective by that of the 
ocular. The magnification given by different combinations of objectives and oculars 
is as follows: 


Oculars 


Objectives = — — 
6.4 X 10 X 
16 aa ee a : 64 x 100 ¢ 
4 den x) 4 275 x 430 . 
1.9 Tans x) ; X 610 ; x 950 


Substage Condensers. These are constructed usually of two lenses for the purpose 
of concentrating light upon the object as it rests upon the stage of the microscope. 
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They thereby increase the illumination. They are commonly of the nonachromatic 
type named after their designer Abbe. Aplanatic, achromatic condensers are available 
on the more expensive microscopes. 

Illumination. Daylight from a north window is the ideal source of illumination. 
However, it is so often unavailable that a more constant and dependable source is 
desired. Many forms of microscopic lamps are offered by manufacturers (Figs. 3, 4 
and 5). The substage lamp or any lamp utilizing a 100 watt nitrogen filled tungsten 
bulb and a “daylight” glass filter provides a satisfactory source of light. A powerful 
source, such as the carbon arc or 6 volt ribbon filament bulb is required for darkfield 
illumination. 

Accessory Equipment. A mechanical stage (Fig. 6) is advisable for blood counting 
or wherever a systematic search of an object is required. It is also well to be provided 


Fig. 5. Micro lamp (Spencer). 
(Courtesy of Arthur H. Thomas Company.) 


with a hand lens for the study of tissues (stained slides), sputa and feces prior to 
microscopic study. It gives an idea of the composition of the whole specimen and 
enables one to become better oriented when studying the smaller fields seen through 
the objective. In the selection of material from sputa or feces better samples will be 
obtained by the aid of such a lens. A pointer in the ocular 
is a great convenience. If the top of the lens of the ocular 
is removed, a diaphragm with a circular aperture will be 
found in the ocular tube. An eyelash or any fine hair may 
be cemented on the rim cf this diaphragm by means of 
Canada balsam so that the free end of the hair is in the 
center of the aperture. With the top lens in place the 
hair should appear as a fine pointer of focus. If it is not 
Feaeceard sl auib). in focus, move the diaphragm up or down until the hair 
(Courtesy of Arthur H, ‘5 Seen in sharp definition. This will serve to locate 
Thomas Company.) objects in the field. For the enumeraticen of small objects, 
such as blood platelets or reticulocytes, i. is helpful to 
cut down the size of the field. This may be accomplished by cutting a disk of black 
paper or metal to such a size that it will fit snugly over the diaphragm in the ocular. 
Cut a small square about 5 or 6 mm. on a side in the center of this disk. It can be 
removed easily when not needed. 


Fig. 6. Mechanical stage 
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1. The microscope should rest upon a table or desk of such height that when 
seated before it one can comfortably look into the ocular without inclining the in- 
strument. If seated before an open window or any other source of light the eyes should 
be so shaded that no other rays of light enter the eye but those from the microscope. 
If using a monocular form, both eyes should be kept open and one should learn to 
relax the accommodation of the unused eye. The ability to do this may be acquired 
by means of a black card. An opening is cut in a 3 by 6 inch card near the center of 
one narrow end, large enough to fit snugly over the upper end of the draw tube, after 
the ocular has been removed. The card then projects into the field of vision of the 
unused eye. If the surface is blackened it reflects little or no light into the eye. After a 
time the card may be discarded. 

2. The tube length should be adjusted. The draw tubes of most microscopes are 
graduated so that the tube may be pulled out to the proper length for each objective. 
The tube length for which each objective is corrected is engraved upon it. For most 
lenses this length is 160 mm. Tube length is extremely important with oil immersion 
objectives. A variation of 5 mm. will reduce the perfection of the image. Increased or 
diminished tube length alters the initial magnification of the objective. The tube 
should be withdrawn with a spiral motion while supporting the coarse adjustment screw 
lest it be drawn from its bearing. It is returned to its former position with the same 
care lest the objective be driven forcibly against the stage or object. 

3. The microscope lamp should be placed about 10 or 12 inches from the mirror 
and its rays directed upon the mirror (plane surface). Swing the condenser out of 
position or rack it down to its lowest point. Look into the tube at the back of the low 
power (16 mm.) objective and manipulate the mirror with both hands until the tube 
is evenly illuminated. The ocular is now replaced and the object tu be examined is 
placed upon the stage. 

4. Focus the low power objective by first viewing it from the slide and placing it 
down near (within 1 or 2 millimeters) the object. Then, looking into the ocular, rack 
the body tube upward by the coarse adjustment screw until the object comes into sharp 
focus. Illumination is now further adjusted by setting the condenser at the lowest 
point which gives even illumination yet brilliant sharp definition of the object. It is well 
to examine the object with the lower powers first as directed above, selecting fields to 
be studied with the higher magnification. Once the light is centered it need not be 
changed, but the position of the condenser must be changed for each objective and 
for each variety of object studied. It must be higher for dense objects and quite low 
for unstained or transparent objects such as urinary casts. The illumination just de- 
scribed is called central illumination. It is the type most frequently used. After a little 
experience one may piace the objective and condenser in their approximate positions 
and adjust the mirror without removing the ocular. The centering is finally determined 
by focusing up and down upon the object. If the illumination is correctly centered, the 
image moves up and down, in and out of focus. If not correctly centered the image will 
move to one side or another and back again as the objective is raised or lowered. 
When the sharpest definition is desired, the aperture of the condenser must also be 
considered for each objective. After correct centering of the light and focusing of ibe 
condenser and objective, the ocular is removed and one looks at the back of the rear 
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lens of the objective. The iris diaphragm of the condenser is slowly closed until its 
shadow is seen in the periphery of the back lens. 

The iris should be wide open when using the oil immersion objective. Where 
surface markings are to be studied, as on diatoms, cut the apparent aperture to about 
24 and in still denser objects, such as histologic preparations, to about 4% the opening 
of the back lens. With dry objectives the iris should be cut down to slightly less than 
the aperture of the objective so that its edges should just be visible in the periphery 
of the back of the lens. 

With the oil immersion objective the condenser must be racked upward to its 
highest point. Oil should be placed between the condenser and the slide and between 
the coverglass and the objective. Focusing, with this and all objectives, should be 
upward after placing the lens near the object. Never focus down upon an object. The 
fine adjustment screw is used to study the object after it has been brought into focus 
by the coarse adjustment. The fine adjustment screw should never be turned more than 
one complete revolution in either direction. This screw is operated best by the left 
hand and constantly adjusted as the right hand manipulates the mechanical stage or 
the slide upon the stage. 

In the study of surface contour, oblique illumination may be necessary. Research 
microscopes are so arranged that the iris diaphragm can be shifted from the center 
to the periphery condenser. Without this arrangement one must use a finger or a card 
over the aperture of the condenser so that the light may enter it from only one side. 
In this manner the cylindrical shape of urinary casts may be demonstrated. 

Aside from these suggestions the adjustment of the condenser and the iris dia- 
phragm becomes a matter of trial in each case, in order to determine the best sort of 
illumination to bring out the desired details of the object to be studied. 

5. In order to obtain the best illumination for objectives more than 16 mm. E.F. 
the condenser should be removed and the plane or curved mirror used, depending 
upon the degree of illumination desired. When the condenser is used with objectives 
of 16 mm. E.F. or less (the high powers) the plane mirror should always be employed. 
The condenser is so constructed that parallel rays of light are brought to a focus above 
the uppermost surface of the top lens of the condenser and in the plane of the 
object. If the concave mirror is employed, the rays of light are brought to a focus 
within the condenser and its effectiveness is depreciated. One may use the concave 
mirror and the condenser for the lower powers, instead of removing the condenser 
entirely, and obtain satisfactory illumination of the field. Under such circumstances 
the condenser must be moved close to the object. 

Coverglass Thickness. A coverglass should be used with wet preparations. This is 
not very important when using the lower power objectives, although the roundness 
of the drop formed gives a distorted field that is not easily studied. A coverglass must 
be used with the higher power objectives to prevent wetting of the objective and 
distorting the image. Coverglasses are made of 3 standard thicknesses classified as 
No. 1, No. 2 and No. 3. From the optical standpoint No. 2 is best suited for all but 
oil immersion objectives. For these, No. 1 is necessary because of the short working 
distance (space between objective and object). Even the best grades vary considerably 
in thickness and the variation affects the distinctness of the image. With the low power 
objective this effect is so slight that it may be ignored, but with the 4 mm. objective 
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a deviation of 0.05 mm. above or below the standard for which the objective is cor- 
rected may obliterate fine structures in the image. One may avoid this difficulty by 
selecting covers of the proper thickness with a micrometer or by the use of the adjusting 
collar with which some objectives are fitted. The thickness of coverglasses is about 
as follows: 


IN Oty leer tere) Cee bere tila wc eon Ol SertouOnle/mmima: 
INOS 2a ee ners LO 0.17 to 0.25 mm. 
INCOR Sloane ai niet Ale ene cE meter en 0.25 to 0.50 mm. 


Slight variations in coverglass thickness may be compensated for by increasing the 
tube length for glasses too thin or decreasing it for glasses which are too thick. With 
a 4 mm. objective of 0.85 numerical aperture, an increase of 30 mm. in tube length 
will balance a decrease in coverglass thickness of 0.03 mm. It must be borne in mind 
that a change of tube length changes the initial magnification of the objective. 

When employing oil immersion objectives, cover thickness is not so important, 
provided the combined thickness of it and the mounting medium is less than the 
working distance of the lens. Tube length is of considerable importance with immersion 
objectives, however, for a difference of 5 mm. is sufficient to destroy the perfection of 
the image. 


CARE OF THE MICROSCOPE 


The microscope should be covered at all times when not in use. A close mesh, 
lintless cloth boot that covers the entire stand is quite efficient. A glass bell jar or a 
transparent cellulose jar is convenient. If a glass jar is used, care must be exercised in 
placing it over the microscope to prevent striking and damaging the instrument. 

Any accumulation of dust should be wiped from the stand with a soft cloth kept 
for that purpose. The cloth moistened with xylol will remove cedar oil. Alcohol should 
never be used on any part of a microscope. The coarse adjustment, rack and pinion 
should be cleaned from time to time as the lubricating oil tends to become thick and 
sticky. Remove the body tube from the stand, after racking it up as far as it will go, 
and wipe the rack and pinion screw with a cloth moistened with xylol, until all dirt 
is removed. The parts should then be wiped with a clean cloth moistened with a good 
grade of paraffin oil and the tube replaced. The bearings of the mechanical stage may 
be cleaned and lubricated in the same manner. The coarse adjustment screw may need 
tightening from time to time. The method differs with each make of microscope. 
Consult the book of instructions which comes with the instrument. No other adjust- 
ments should be made except by an expert microscope mechanic. The agents for the 
manufacturer will gladly make such minor adjustments without charge. It is well to 
have the microscope inspected and adjusted occasionally by such an expert so that 
the duration of the instrument will be prolonged and its efficiency maintained. 

The lenses should be brushed frequently with a soft camel’s hair brush. They may 
be wiped and cleaned with a soft cloth (well washed linen) or lens paper. If the cloth 
or paper is used before brushing, the gritty particles always found in dust will scratch 
the lens surface. Oil may be removed from the immersion lens with a piece of lens 
paper moistened with xylol. The lens system must never be taken apart. The surface 
of front and back lens may be cleaned as just described, but never separated except 


by an expert microscope mechanic. 
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MICROMETRY 


A good micrometer is a practical necessity as the importance of size in identification 
of microscopic structures cannot be emphasized too strongly. Even very rough measure- 
ments will often prevent humiliating blunders. The principal microscopic objects which 
are measured clinically are bacteria, animal parasites and their ova, and blood cor- 
puscles. The metric system is used almost exclusively. For very small objects, 0.001 
millimeter has been adopted as the unit of measurement, under the name micron. It is 
represented by the Greek letter uw. For larger objects, where exact 
measurement is not essential, the diameter of a red blood corpuscle 
(7 to 8 microns) is sometimes taken as a unit. Of the several 
methods of measurement, the most convenient and accurate is the 
use of a micrometer eyepiece (Fig. 7). In its simplest form this is 
similar to an ordinary eyepiece, but it has within it a glass disk 


upon which is ruled a graduated scale. When this eyepiece is 
Fig. 7. Micrometer placed in the tube of the microscope, the ruled lines appear in the 
oases aN Ty kad microscopic field and the size of an object is readily determined in 

terms of the divisions of this scale. The value of these divisions in 
millimeters manifestly varies with different magnifications. Their value must, there- 
fore, be determined separately for each objective. This is accomplished through use of 
a stage micrometer which is a glass slide with a carefully ruled scale divided into sub- 
divisions, usually hundredths of a millimeter. The stage micrometer is placed upon the 
stage of the microscope and brought into focus. The tube of the microscope is then 
pushed in or pulled out until 2 lines of the one scale exactly coincide with 2 lines of the 
other. From the number of divisions of the eyepiece scale, which then correspond to 
each division of the stage micrometer, the value of the former in microns or in fractions 
of a millimeter is easily calculated. This value, of course, holds good only for the 
objective and the tube length with which it was found. The 
counting slide of the hemacytometer will answer in place of a 
stage micrometer, the lines which form the sides of the small 
squares used in counting red blood corpuscles being 50 microns 
apart. When using the counting chamber with an oil immersion 
lens a cover must be used, otherwise the oil will fill the ruled 
lines and cause them to disappear. Any eyepiece can be con- 
verted into a micrometer eyepiece by placing a micrometer disk 
(a small circular glass plate with ruled scale) ruled side down 


: : P ; Fig. 8. Ocular microm- 
upon its diaphragm (Fig. 8). If the lines upon this are at all eter disk. 


hazy the disk has probably been inserted upside down or else 


the diaphragm is out of its proper position. Usually it can be pushed up or down as 
required. 


DARKFIELD MICROSCOPY 
In the preceding pages, bright field microscopy has been discussed wherein objects 
are examined microscopically by transmitted light, that is, light from the condenser 
passed through the object and modified by the natural color or artificial stain of 
the object. Those objects which possess little or no differential coloring of their various 
parts are stained by selective dyes to cause them to stand out prominently. Thus the 
nuclei of cells are rendered visible in the cytoplasm, and bacteria barely visible are 
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made quite prominent. Often it is desirable to study living objects that cannot be easily 
stained or would be destroyed by a dye and are yet so small that even with the oil 
immersion lens they would be invisible by transmitted light. 

As one gazes about the ordinary room no dust particles are seen by the naked eye, 
but if one directs the line of vision at right angles to a beam of sunlight, entering 
through a window, myriads of tiny particles become apparent because they reflect the 
rays of sunlight into the eye. One sees them not because the 
light is brighter but because they reflect the sun’s rays into 
the eye. The phenomena is spoken of as the “Tyndall effect.” 
By the same principle, nonluminous stars or the moon are 
seen in the sky at night because of the sun’s rays which they 
reflect to the earth. This is the principle of darkfield illumi- 
nation. No light enters the microscope except that reflected 
by the objects in the field. Hence, the background is dark . 4 

. t : i Fig. 9. Paraboloid conden- 
and the objects appear bright. Hlumination may be from ge, (Bausch and Lomb). 
above the stage or from below it. When illuminated from (Courtesy of Arthur H. 
below the effect may be obtained with the lower power ob- Thomas Company.) 
jectives by placing a metal disk supplied with many micro- 
scopes beneath the iris diaphragm of the Abbe condenser. This shuts out the central 
rays, allows only the peripheral border rays to enter and gives better results. 

When higher magnification is required, as in searching for Treponema pallidum, 
greater obliquity of light is necessary because of the increased numerical aperture of 
these objectives. One of the regularly designed darkfield illuminators shown in Figures 
9 and 10, must be employed. These are refracting condensers of the Abbe type fitted 
with interchangeable lens mounts. The advantage of such a condenser is that one may 
shift from bright field illumination to darkfield 
by lowering the condenser and changing the top 
element. This type is not a very satisfactory dark- 
field illuminator. The paraboloid illuminator is 
the most practical for routine work. It is easily 
manipulated and gives an excellent darkfield. The 
cardioid illuminator provides light rays of even 
greater obliquity and, therefore, can be used with 
objectives of higher numerical aperture with all 
of its advantages. The result is a brighter object 
with a much darker background and greater re- 
solving power. However, the cardioid illuminator 
is much more difficult to manipulate and more 
sensitive to dust particles or scratches upon the 
slide or coverglass. The paraboloid type may be 
used as follows: 

1. The oil immersion lens has too great a numerical aperture for this work. It must 
be cut down by placing a funnel stop behind the rear lens. The proper stop is furnished 
by the manufacturer. It should provide a numerical aperture of 0.80. The threaded 
end of the objective is unscrewed and the stop placed in position, apex down in the lens 
mount. The threaded end is then screwed back in place and the objective is screwed 


into the nosepiece. 


Fig. 10. Darkfield condenser with light 
attached. 
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2. The Abbe condenser is removed from its substage adjusting sleeve and the dark- 
field illuminator fastened in its place. One must make certain that the upper lens surface 
is in the plane of the upper surface of the stage or a little higher when the illuminator 
is racked to its highest point. Close contact with the under surface of the glass slide 
may then be assured. The diaphragm of the illuminator should be wide open. 

3. The source of illumination, a carbon arc lamp or a ribbon filament lamp, should 
be placed about 12 inches from the mirror and a narrow beam of light directed on the 
plane mirror. The beam should nearly fill the mirror surface. 

4. As the light from the lamp is reflected upward into the illuminator, some of it 
is reflected by the polished under surface of the illuminator back into the mirror. This 
light may be reflected on the wall behind the lamp or on the lamp housing as a very 
much dimmer light spot than that which comes directly from the light source. These 
2 spots of light may be easily seen if the mirror is manipulated. The mirror will be 
correctly placed if the dim spot reflected from the illuminator can be directed back into 
the light source through the front lens of the lamp. The low power objective is focused 
on the upper surface of the condenser before placing the preparation on the stage. 
When some light passes into the illuminator even though the illumination is not uni- 
form, a small circle will be seen upon the surface of the top lens. This indicates the 
center of the lens and by means of the centering screws on the illuminator mount, this 
small circle must be brought into the exact center of the field. 


Fig. 11. Darkfield illumination. 
are Improper illumination because the condenser is above or below the correct focus. b, Proper 
illumination with the bright spot when the condenser is correctly focused. (From Todd and Sanford, 
Clinical Diagnosis by Laboratory Methods. Courtesy of W. B. Saunders Company.) 


5. One is now ready to prepare the material for examination. Glass slides of a 
definite thickness must be selected. The correct thickness is usually indicated upon 
the illuminator mount. The Bausch and Lomb illuminator is adjusted for slides of not 
greater than 1.55 mm. If thicker slides are used, the illuminator cannot be brought into 
proper relation with the object. If the slide is too thin, the illuminator may be racked 
down to the proper level. The coverglass must not be more than 0.18 mm. thick 
(No. 1). The material to be examined must be in a thin suspension. Too many particles 
will cause too much scattering of light and diminish the sharpness of the field. Material 
expressed from chancres in searching for Treponema pallidum must not contain too 
much debris, pus or blood. It is well to practice making suspensions of varying density 
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with salt solution. Scrapings from the margins of the gums will provide excellent 
material with which to practice. 

6. Raise the illuminator so that its upper surface is in the same plane as the 
surface of the stage. Place a drop of immersion oil upon the illuminator lens and place 
the preparation in the oil in position. Examine the preparation with the 16 mm. objec- 
tive. If the condenser is in proper position, a circle of light will appear in the center of 
the field (Fig. 11). This spot is more easily seen if a ground glass slide of exactly the 
same thickness as the one used for the preparation is substituted, ground side placed 
upwards. (The ground glass slide which should be a part of the equipment can be 
made by rubbing a slide of proper thickness in a paste made of water and very fine 
emery or carborundum powder on a piece ‘of plate glass.) If the illuminator is too high 
or too low, a ring cf light with a dark center will be seen. Raise or lower the illuminator 
until a circle is obtained. If this is not possible, the slide is too thick or the illuminator 
is not properly set in its holder. If the illumination appears to be correct, swing the 
immersion lens into position and, after placing a drop of immersion oil upon the cover- 
glass, bring the objective into focus (focus upward). The background should be dark 
and the scattered bodies in the field should be brilliantly illuminated. Slight adjust- 
ments of the height of the condenser and the position of the mirror will improve the 
blackness of the background and the brilliance of the illuminated bodies. Finally, when 
the best setting is obtained slowly close the iris diaphragm until there appears the most 
contrast of brightness of object and blackness of field. As in bright field microscopy 
exact centering of the illuminator will be evidenced by an up and down movement 
of the image as the fine adjustment screw raises or lowers the objective in and out of 
focus. A lateral motion of the objects in the field indicates that the illuminator is not 
centered. 

Sources of failure in darkfield illumination are: (@) insufficient illumination, 
(b) condenser out of focus or decentered, (c) glass slide too thick, (d) failure to close 
iris diaphragm or to use funnel stop of correct N.A. and (e) preparation too dense. | 


PHASE MICROSCOPY 


One of the significant advances in microscopy is the development of the phase 
microscope. Anything less than a mathematical explanation of the principles involved 
would be inadequate. Therefore, the interested reader is referred to the literature on 
this subject obtainable from any of the leading manufacturers of laboratory optical 
equipment. 

Special equipment is required consisting of phase contrast objectives and a set of 
annular diaphragms for the special substage condenser. 

The place of phase microscopy in diagnostic bacteriology is not yet established. 
The internal structure of cells, including microorganisms, is so sharply revealed, how- 
ever, as to rival the results obtained with the electron microscope. But at the present 
time it appears that practical applications are confined largely to the examination of 
tissue (tumor) cells, spermatozoa, urinary sediments (Fig. 12), sputum, stomach and 
duodenal contents and feces, examined in wet preparations. 
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DISEASES OF ANIMALS, AND METHODS FOR THE 
CARE, INOCULATION AND BLEEDING 
OF ANIMALS 


Principles. 1. Suitable animals are indispensable for certain laboratory procedures, 
as follows: 

(a) For the detection of tubercle bacilli in sputum, urine and other materials; for 
the detection of tetanus and other anaerobic bacilli in wound discharges; for the detec- 
tion of glanders, anthrax, tularemia and other organisms in various discharges and 
materials; for testing the virulence of diphtheria bacilli in relation to the lifting of 
quarantine in diphtheria and for the detection of viruses. 

(6) For aiding the isolation of certain organisms such as tubercle and glanders 
bacilli, and pneumococci. 

(c) For the preparation of vaccines and the propagation of certain viruses that 
cannot be cultivated. 

(d) For preparing sera for diagnostic serologic tests such as complement fixation, 
agglutinins, precipitins and various hemolysins. 

(e) For testing the curative activity and toxicity of various chemotherapeutic 
agents employed in the treatment of infectious diseases. 

(f) For the preparation of various immune sera employed in the prophylaxis and 
treatment of diphtheria, tetanus, and gangrene. 

(g) For testing the antibody strength of diphtheria, tetanus and other immune sera. 

2. Animals should be healthy, selected with care, and provided with comfortable 
and clean housing as well as sufficient and appropriate food. 

3. Few of the methods of inoculation and bleeding produce any more pain than 
similar procedures in human beings, but all major operative procedures should be 
conducted under full anesthesia and all animals at all times should be handled and 
treated with the tender care merited by their great service to humanity, as well as to 
the lower animals themselves. 


HOUSING OF ANIMALS 


The cages for small animals such as rabbits, guinea pigs, mice and rats should be 
so constructed and arranged that the animals are kept dry, comfortable and sanitary. 
Overcrowding should be avoided. Separate cages should be provided for normal unused 
animals. 

Animals from outside sources should be carefully inspected for evidence of disease 
before being placed in the cages for normal animals. If space permits, the new animals 


should be quarantined for 7 to 10 days. 
13 


14 DISEASES, CARE, INOCULATION AND BLEEDING OF ANIMALS 


The cages should be constructed to permit thorough cleansing and disinfection and 
arranged for sufficient light and ventilation. Various models are available from supply 
houses or may be built to meet special requirements. 

Special isolated quarters or cages should be provided for animals inoculated with 
very infectious material. 

Inoculated animals should be kept alone in cages to guard them from annoyance 
or even injury by normal animals. 

The animal quarters should be well lighted and ventilated. A uniform temperature 
during the entire day and night should be provided. 


IDENTIFICATION OF ANIMALS 


A dependable system of identification of the animals should be adopted. The prac- 
tice of cage labeling is suitable for stock animals kept in large groups, although in the 
interest of complete records each animal should be numbered and registered with regard 
to sex and description. 

Tagging. For rabbits and guinea pigs a small aluminum tag may be used. It is held 
in place by small staples passed through the eyelets of the tag and then through the 
ear and the ends bent over. 

For larger animals such as horses, cows and pigs, there are various types of tags 
which are supplied with special instruments for attaching. These may be obtained 
through veterinary supply houses. 

Banding. This method of identification is employed chiefly for fowl. A band bearing 
the number is fastened around the leg. There are several types, commonly called “leg 
bands,” which may be purchased from poultry supply houses. 

Description. If this method of identification is employed alone, animals of different 
markings or color should always be selected if more than one is to be placed in a cage. 
Rubber stamp drawings of the mouse, rat, guinea pig and rabbit may be purchased 
to facilitate these records. This method is usually used in conjunction with the tagging 
method to insure proper identification should the tag be lost. Any deformities or 
peculiar markings should also be noted carefully. The sex should be recorded as a part 
of the description (male 6 and female @ ). 

Marking. Small animals such as mice and rats may be marked by coloring the hair 
and skin with dyes (saturated alcoholic solutions of fuchsin or picric acid) on the body 
or along the tail. Cages should be labeled. 


FEEDING OF ANIMALS 


Stock diets which are ordinarily fed to laboratory animals may be inadequate for 
nutritional requirements. This is particularly true in relation to several of the vitamins. 
Even moderate deficiencies or variations in rations may markedly affect laboratory 
animals. 

Mice. Mice may receive stale bread soaked in water or skimmed milk. A small 
amount of cod liver oil may be added once a week (approximately 1 ounce for 300 
mice). Crushed barley or rolled oats or moistened middling may be given at regular 
intervals. An excellent ration recommended by Keeler consists of rolled oats (240 
parts), powdered skim milk (30 parts), cod liver oil (8 parts) and salt (1 part). The 
formula for rat feed prepared by Maynard (Science, 1930, 71;192) is equally satis- 
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factory. Greens in the form of lettuce or clover should be given occasionally. Drinking 
water must be available at all times. 

Rats. One may use either the Maynard standard diet or prepare a mash consisting 
of boiled beans, wheat maize meal, cabbage and cod liver oil. Beef or liver and fresh 
cabbage should be offered once a week. A mixture of boiled vegetables supplemented 
by oats, corn, or white bread mixed with milk is equally satisfactory. Drinking water 
should always be available. 

Guinea Pigs and Rabbits. Rolled oats or crushed barley, bran and a good quality 
of alfalfa or clover hay represent the basic ration which must be supplemented with 
green feed, either cabbage or carrots, and beets. From time to time, salt, fish meal, and 
boiled potatoes may be offered. If the food contains considerable moisture, no water 
need be supplied. Spontaneous scurvy is by no means uncommon among guinea pigs 
maintained on a diet which lacks green vegetables. 

Aside from a careful selection of freshly prepared food mixtures, or wholesome 
vegetables and greens freed from tainted or rotten spots, it is important that a regular 
system of feeding be adhered to strictly. All animals should be fed and cared for once 
a day, including Sunday. A double ration of food thrown into the cages on Saturday 
will not supply the required nourishment on Sunday. 


CLINICAL OBSERVATIONS OF INOCULATED ANIMALS 


Inspection once, or preferably twice, daily for general appearance should be given 
with a view to detecting symptoms. Each animal should be observed in motion; the 
consumption of food and water, and the appearance of the feces should be noted. 
Attention should be paid also to possible salivation, nasal and conjunctival discharges, 
and to the reactions at the site of inoculation. 


TABLE 1. NORMAL TEMPERATURE, PULSE, AND RESPIRATION 
OF EXPERIMENTAL ANIMALS. 


d iB Respiration 
Animal Average Rectal Temperature °C. and ‘°F. Pulse Rate pee en 


Guinea pig | 38.6° C.; 39.4° C—7.5 cm. from anus 100-150 
(101.5° F—4 cm. from anus) 
(Minimum 37.8° C., maximum 40.5° C.) 


39.6; CC. (102.4 F.) 120-140 

(Minimum 38.3° C., maximum 40.8° C.) 

No temperature under 40.0° C. should be considered 
pathologic) 


37.9° C. (100.0° F.) 
CH RCN Ong CSR iat 


The weight should be recorded before each experiment and afterwards at weekly 
intervals or more often, as the circumstances require. Each weighing should be done 
as nearly as possible under the same conditions as the first one. 

The temperature should be taken in many cases before beginning the particular 
experiment and subsequently on each successive day at the same hour. For the sake of 
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convenient reference, the normal average temperature is given in Table 1 in order to 
prevent the erroneous assumption that a pyrexia is present in an animal which shows 
merely its own normal temperature. 

A hematologic study is frequently indicated. The general principles are the same 
as customarily used in the diagnostic laboratory. Normal values and ranges are shown 
in Table 2. 


DISEASES OF GUINEA PIGS 


Pneumonia. The causative organism in most cases is a hemolytic streptococcus. 
Occasionally sporadic cases are due to infection with pneumococci. Alcaligenes bronchi- 
septicus and the Friedlinder’s bacillus (Klebsiella pneumoniae) have been reported as 
producing pneumonia in these animals. The symptoms are loss of appetite, roughened 
coat and rapid breathing. 

Autopsy findings are congestion with consolidation of lungs, which may be asso- 
ciated with pleural and pericardial exudates of a serous or fibrinous character. 

Abscesses. Abscesses result from an infection of the lymph glands with hemolytic 
streptococci. They often become very large and are usually encapsulated. The contents 
are a thick and creamy pus from which streptococci can be isolated. 

They may become enzootic or even cause epizootics among guinea pigs. This con- 
dition is often called “epizootic lymphadenitis,” and the lymph nodes of the neck and 
axilla are most commonly infected. It is not usually fatal unless the abscesses become 
large enough to interfere with the function of important organs. 

After rupture and drainage the animal usually recovers. It is advisable to incise, 
remove the pus, and allow good drainage. 

Salmonella Infections. These are caused by bacilli belonging to the genus Salmo- 
nella. The organisms usually encountered are closely related to S. aertrycke or S. 
enteritidis. 

The symptoms are loss of appetite, roughened fur, emaciation and weakness. In 
acute cases death often occurs before symptoms are noted. Outbreaks among laboratory 
animals may cause considerable loss. The mortality varies from 40 to 70 per cent. 

At autopsy, the spleen and liver show the most constant changes. The former is 
enlarged and soft, studded with small foci or large yellowish nodules and often covered 
with a plastic exudate. The liver shows small necrotic foci. The intestines are injected 
and show swollen Peyer’s patches. Pleurisy, pneumonia and purulent endometritis may 
be present. 

Pseudotuberculosis. This disease is characterized by the formation of whitish 
nodules in the liver and spleen associated with enlarged lymph glands which often 
become abscessed. The causative organism is Pasteurella pseudotuberculosis. 

Three clinical types are recognized: (a) septicemic type (death in 1 or 2 days), 
(6) emaciation and diarrhea (death in 3 to 4 weeks) and (c) glandular type. Diagnosis 
is made by bacteriologic examination and the characteristic lesions. 

Tuberculosis. Natural infections of guinea pigs with Myobacterium tuberculosis 
are not common. Normal guinea pigs, however, may readily contract the disease from 
tuberculous cage mates or even from animals in the same room. 
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DISEASES OF RABBITS 


Nasal Catarrh (Snuffles). This condition may be caused by bacterial infection 
or by coccidia. When due to bacteria it is spoken of as “‘snuffles” and when due to 
coccidia (Eimeria stiedae) as “nasal coccidiosis.” 

The organisms most commonly found are Pasteurella cuniculicida and Alcaligenes 
bronchisepticus. The latter, when present, is usually associated with the former. 

The diagnosis of nasal coccidiosis is made by finding the coccidia in the nasal 
secretions. 

The symptoms are sneezing, nasal discharge which is recognized by wetting of the 
hair around the nasal openings, or the presence of mucus and emaciation. Inflammation 
of the eyes is often present in cases due to coccidia. In the bacterial type the infection 
may extend to the lungs and cause pneumonia. 

Pneumonia. This is usually the result of extension of infection from the upper 
respiratory tract. The organisms usually found are Past. cuniculicida and Alcaligenes 
bronchisepticus. 

Coccidiosis. This disease is caused by coccidia (Himeria stiedae and Eimeria 
perforans) which are among the commonest parasites found in the rabbit. Although 
they are found in the intestinal contents of apparently normal rabbits, they are capable 
of invading the epithelium and causing a mild catarrhal to a severe type of enteritis 
(intestinal coccidiosis). 

They commonly invade the epithelium of the bile ducts, gallbladder and liver. 
Multiple small white nodules result from their invasion of the liver (hepatic coc- 
cidiosis). 

The nasal form of the disease has been given previously under nasal catarrh of 
rabbits (snuffles). 

The diagnosis is made by finding the coccidia in association with enteritis or 
nodules. The organism is readily demonstrated by placing the contents of a liver 
nedule, bile, or scrapings of intestinal] mucosa on a slide and examining the unstained 
specimen. The oocysts appear as oval bodies from 15 to 25 microns in length. 

There is no treatment. Preventive measures should consist of frequent cleaning 
of cages, separating animals, avoiding grouping and of raising the floor with wire mesh 
so droppings can pass through. 

Ear Mange. This is caused by a mite Dermatocoptes (Psoroptes) cuniculi. The 
disease is characterized by the formation of thick crusts or deposits on the inside of 
the ear. 

The diagnosis is made by examining scrapings from the ear, unstained, under low 
power, for the mite. 

Infected animals should be separated and treated locally. Remove the scabs and 
apply one of the following: 


Mercurerchiondé=. er. sienna a ane 1 part 

GIVCCTD: = 35.00 1 Gas Bees toa as oe eenee meee 100 parts 

Ethylvaleoho! .(50 pers cent) 22.cen oo ose 200 parts 
or 

Oueok caraway io, 2.23235 Aa ae oF ae ee 1 part 

HON Ollie) ew ede eae ee es ae ae 10 parts 


Binyialconol (90 per cent)” 74>. 17s. ae, ee 3 parts 
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Giardiasis. Giardia may be found quite commonly in the small intestines of rabbits. 
Whether or not they are harmful is questionable. 

Parasitic Cysts. Cysts of the dog tapeworm (Taenia pisiformis) are commonly 
found in the mesentery of the rabbit. They are spoken of as “bladder worms” and often 
occur in large numbers. Occasionally they occur in the liver. The general health of the 
animal is not affected. 


DISEASE OF MICE 


Salmonella Infections. These are the commonest infections of mice and they are 
due to bacilli of the Salmonella group, especially S. aertrycke and S. enteritidis. Spon- 
taneous epizootics occur, causing considerable loss; the mortality is high, ranging from 
34 to 95 per cent. 

Susceptibility varies in different breeds and strains of mice and is influenced by diet 
and environment. The diagnosis is established by isolating an organism belonging to 
the Salmonella group from the spleen or other organs. 


DISEASESS@ETRATS 


Lung Disease. This is a respiratory infection prevalent among albino rats. Young 
rats are not susceptible. The symptoms are loss of appetite, rhinitis, conjunctivitis and 
labored breathing; as the disease becomes chronic there is much depression. The 
mortality is high. 

At autopsy the lungs are always affected. Unresolved pneumonias, bronchitis with 
bronchiectases, abscesses and pleurisy are common findings. 

Various organisms of dissimilar groups have been isolated from these lesions, none 
of which have been recognized as the cause. The etiology therefore is still undeter- 
mined. 

Salmonella Infections. These are due to bacilli of the Salmonella group, particu- 
larly S. enteritidis. The symptoms in acute cases are diarrhea and bloody crusts around 
the eyes. 

The lesions found at autopsy are swollen spleen, multiple necrotic foci, enlarged 
lymph glands and Peyer’s patches. Chronic cases may fail to show any lesions. The 
organisms can be readily isolated from the spleen and liver. 


GENERAL DIRECTIONS FOR THE INOCULATION OF ANIMALS 

1. Select an appropriately sized syringe that does not leak when tested with water. 
Nothing is more unsatisfactory than a leaking syringe that not only may soil the hand, 
but lose an unknown quantity of inoculum. 

2. An all-glass syringe is preferred. Remove the plunger from the barrel and steri- 
lize all the parts by boiling for at least several minutes. 

3. After cooling, expel the water and load the syringe. This may be done by draw- 
ing the fluid directly into the syringe and measuring the dose by the markings on the 
syringe or by pipetting the exact dose into a sterile petri dish or capsule and drawing 
the measured dose up in the syringe. 

4, The animal should be fastened or held firmly and in an easy position. Every- 
thing should be in readiness so that the injections may be given thoroughly and care- 


fully. 
5. In preparing the inoculum, care should be exercised that no solid particles enter 
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the syringe. The subcutaneous injection of small fragments may do no particular harm, 
aside from possibly blocking the needle and interfering with the injection, but in intra- 
venous inoculation they may cause embolism. 

6. Air bubbles should be removed. For this purpose the syringe, after being filled, 
should be held vertically, with the needle uppermost. The needle should be wrapped 
in cotton soaked in alcohol and the piston of the syringe pressed upward until all the 
air is expelled from the barrel and the needle. If a drop of inoculum is forced out, 
it will be collected on the cotton, which should be burned immediately or placed in a 
disinfectant. 

7. Inoculations should be given slowly. 

8. When it is necessary to incise the skin in order to reach a vein, an anesthetic 
may be given. With superficial veins, and in subcutaneous inoculations, the injections 
may be given so readily and easily that no more pain can be felt than that which 
accompanies similar inoculations in human beings. 

9. When it is necessary to remove the hair from the area to be injected, a small 
area may be clipped as closely as possible, followed, if necessary, by shaving. In guinea 
pigs the hair may be plucked out; or clipped and a paste applied of equal parts of 
barium sulfide and cornstarch mixed with water. Leave this on for 3 or 4 minutes, wash 
thoroughly with warm water and dry with a towel. This is a particularly good method 
when large areas of skin are to be prepared. As it may cause irritation, it is well to 
remove the hair a day in advance of inoculation. 

10. Before inoculation cleanse the skin with 70 per cent alcohol or other disin- 
fectant. 


TECHNIC OF INTRACUTANEOUS INOCULATION 


1. Select white animals or white areas if skin reactions are to be elicited, such as 
allergic reactions and diphtheria toxin reactions. 

2. Use a 1 ml. syringe with No. 26 needle. 

3. Prepare the skin. Pinch up a fold and insert the needle (lumen up) as super- 
ficially as possible. A raised white anemic spot showing the pits of hair follicles indicates 
a successful inoculation. Owing to the thin skins of rabbits and guinea pigs, the inocu- 
jation is by no means easy or simple and requires practice. The amount injected should 
not exceed 0.1 ml. 


TECHNIC OF SUBCUTANEOUS INOCULATION 


1. Inoculations are usually given in the median line of the abdominal wall or in the 
groin. 

2. Have the animal held firmly by an assistant or firmly secured to an animal board. 

3. Clip the hair where the inoculation is to be made. It is not always necessary to 
shave the area. Apply a 2 per cent solution of iodine in alcohol. 

4. Pinch up a fold of skin between the forefinger and the thumb of the left hand; 
hold the syringe in the right hand, insert the needle into the ridge of skin between the 
finger and thumb, and push steadily onward until the needle has been inserted about 
an inch. Care must be exercised not to enter the peritoneal cavity. Relax the grasp of 
the left hand and slowly inject the fluid. If the skin is raised, this shows that the 
injection is subcutaneous. If it is not, the needle should be slightly withdrawn and 
inserted. 
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5. Withdraw the needle and, at the same time, cover the puncture with a wad of 
cotton wet with alcohol. A touch of flexible collodion over the puncture completes the 
operation. 

6. If a solid inoculum is to be injected, raise a small fold of skin with a pair of 
forceps and make a tiny incision through the skin with a pair of sharp-pointed scissors. 

7. With a probe, separate the skin from the underlying muscles to form a funnel- 
shaped pocket. st 

8. By means of fine-pointed forceps or a glass tube syringe, introduce the inoculum 
into this pocket and deposit it as far as possible from the point of entrance of the 
instrument. 

9. Close the wound with collodion and cotton. A single stitch with fine thread may 
be necessary. 


TECHNIC OF INTRAMUSCULAR INOCULATION 


1. These inoculations are usually made into the posterior muscles of the thigh or 
into the lateral thoracic or abdominal muscles. 

2. Clip the hair over the selected area and cleanse the skin as for subcutaneous 
inoculation. 

3. Steady the skin over the selected muscles with the slightly separated left fore- 
finger and thumb. 

4. Thrust the needle of the syringe quickly into the muscular tissue and slowly 
inject the inoculum. 


TECHNIC OF INTRAVENOUS INOCULATION 


Rabbit. 1. The posterior auricular vein along the outer margin of the ear is better 
adapted than a median vein for this purpose (Fig. 13). 

2. If a number of inoculations are to be made, commence as near the tip of the 
ear as possible as the vein may become occluded with thrombi and subsequent inocu- 
lations may then be given nearer and nearer the root of the ear. 

3. The animal should be held firmly as the slightest movement may result in pierc- 
ing completely through the vein and require reinsertion of the needle. A steady position 
is accomplished satisfactorily by placing the rabbit upon the edge of the table and 
holding it there firmly by grasping the neck and front quarters, the assistant at the 
same time compressing the root of the ear with the thumb and forefinger. 

4. If the hair is long, clip it. 

5. The ear is struck gently with the fingers and washed with alcohol and xylol; 
the friction will render the vein more conspicuous. 

6. The ear is grasped at its tip and stretched toward the operator, or the vein may 
be steadied by rolling the ear gently over the left index finger and holding it between 
the finger and thumb. 

7. The inoculum should be free from solid particles and all the air excluded from 
the syringe. As a general rule, the amount injected should be as small as possible. If the 
syringe is filled shortly after sterilization, when it has cooled enough to be comfortably 
hot to the touch, the heat will warm the inoculum and not be hot enough to cause 
coagulation. 

8. Hold the syringe as one would hold a pen, and thrust the point of the needle 
through the skin and the wall of the vein until it enters the lumen of the vein (Fig. 13) 
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Fig. 13. Intravenous inoculation of a rabbit. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 


The wooden box shown in Figure 14 is very convenient for holding rabbits for 
intravenous inoculation or for bleeding from the ears. 


Fig. 14. A wooden box for rabbits. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 


9. Direct the assistant to release the pressure at the root of the ear and slowly 
inject the inoculum. If the fluid is being forced into the subcutaneous tissue, which will 
be evident at once by the swelling which occurs, the inoculation must cease and another 
attempt made. 

10. The needle is quickly withdrawn, a small piece of cotton moistened with alcohol 
placed upon the puncture wound, and firm compression applied. 

11. Wash the ear thoroughly with alcohol and water to remove xylol, otherwise a 
lowgrade inflammation will follow which will render subsequent inoculations more 
difficult. 

Guinea Pig. 1. The large superficial vein lying on the dorsal and inner aspect of 
the hind leg of the guinea pig is well adapted for intravenous inoculation. Occasionally, 
however, the vessel may run anteriorly. To use this vessel for intravenous administra- 
tion, a special operating board is required. The board is similar to an ordinary animal 
board except that the end to which the hind legs of the animal are tied has a U-shaped 
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piece cut from it. The board is mounted near the center on an extension shaft which 
is fitted with 2 joints, the one at the end to which the board is attached being a ball- 
and-socket joint and the other an adjustable swivel joint. The shaft is screwed into a 
metal base which has sufficient weight to hold the board steady when placed in any 
position. A simple operating board, however, may be used, as shown in Figure 15. 


Fig. 15. Roth's method for intravenous inoculation of the guinea pig. 
(From Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) 


2. The procedure for making the inoculation is as follows: the board is properly 
placed in a horizontal position, the animal is tied to it securely, abdomen downward. 
by means of strings. The board is then placed in a vertical position and rotated on 
its vertical axis slightly so as to bring the dorsal aspect of the right hind leg into view. 
After clipping the hair and shaving the leg, lift the leg slightly by the first or first and 
second fingers, and dilate the vein by suitable compression. The vessel can now usually 
be seen through the skin. A small incision, usually about 14 inch long, is made across 
the leg from the outer lower to the upper and inner aspect, but a trifle to the left of 
the vessel. The subcutaneous tissue is then pushed aside with fine-pointed forceps, 
thereby permitting the vessel to come into view. 

3. The vessel is then entered directly or in the same manner as has been described 
for the rat, that is, by passing the needle of the syringe through the fascia and muscles 
to the left of the vessel and then entering the vessel from the side. The vessel, when 
dilated, permits the ready entrance of a No. 23 gauge needle. However, the needle 
usually employed is a No. 26 gauge, 58 inch in length. The needle is always introduced 
well into the Jumen of the vein. If entrance into the vessel is direct, subsequent hemor- 
rhage may be controlled quite readily by pinching it with a small forceps. 

4. Inoculations may be given also in one of the external jugular veins as follows: 

(a) A small roll is placed under the neck of the animal to render the operative area 
tense and more easily accessible. 

(6) A few drops of ether may be given by an assistant although one soon learns 
to expose the vein quickly and there is practically no pain after the skin has been 


incised, 
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(c) An assistant is directed to hold the head backward in the median line. 

(d) Pick up the skin just above and in the middle of the space between the shoul- 
der and the tip of the upper end of the sternum (just above and about in the center 
of the area where a clavicle in the human would be situated). With small sharp scissors 
incise the skin for about 14 inch. Separate the subcutaneous tissue gently with forceps; 
a large vein at once comes into view. Gently dissect it free for about 14 inch. 

(e) Pick up the vein with a pair of fine forceps, insert the needle of the syringe 
gently in the long axis of the vein and slowly inject the inoculum. 

(f) Withdraw the needle and apply firm pressure with a wad of clean gauze or 
cotton. It is not necessary to tie off the vein. A stitch may be inserted to close the 
skin wound and flexible collodion applied. 

White Mouse. 1. It has been found that the lateral veins of the tail of the white 
mouse are best suited for intravenous injections. The tail must be free from localized 
or generalized thickening of the epidermis so as to permit the ready entrance of a No. 
23 or 26 gauge needle. The use of a rather long needle, 1 inch in length, is essential; 
it does not bend easily and therefore can be directed forward more readily than a 
smaller one. 

2. A mouse weighing between 15 and 20 grams practically always possesses a soft, 
pliable tail which can be used without any preparation. When a mouse weighing over 
20 grams is used, the lateral veins of the tail are usually covered with rather dense skin, 
which precludes their use unless the tail is immersed for about a half minute in warm 
water (about 50° C.). This procedure both softens the skin and dilates the underlying 
vessels so that the latter may be successfully used. 

3. For holding the mouse, a small tin mailing tube attached to an iron stand is 
employed (Fig. 16). One end of the metal mailing tube is fitted with a cork having at 
the circumference a V-shaped opening which will admit the tail. The other end of the 
tube contains several small openings to admit air. 

4. The mouse is grasped by the tail with the thumb and forefinger of the left hand 
and placed in the metal mailing tube, and the cork is inserted so that the tail protrudes 
through the V-shaped opening. The tail is then straightened by gentle but firm traction 
and without twisting. The dorsal vein should then appear above, and each lateral vein 
to the left and right, respectively. 

5. The syringe, usually a 1 ml. all-glass, tuberculin type, graduated to 0.01 ml., is 
balanced between the first and middle fingers of the right hand, the hand resting on 
the little finger; the thumb is thus free to operate the piston of the syringe. With the 
syringe held nearly parallel to the tail, the needle is pushed through the skin over one 
of the lateral veins (usually the left) and then anteriorly and downward into the vein. 
If an entrance into the vessel is not effected, either raising or lowering the point of the 
needle while advancing it further will usually succeed in locating the lumen of the 
vessel. 

White Rat. 1. The animal is tied securely by the legs, back downward, to a flat 
operating board by means of strings long enough to permit the hind legs to be lifted 
easily. 

2. At the end of the board to which the head is tied are 2 glass pegs about 1 inch 
long set in at an angle in order to hold the string which is looped over the front legs 
of the animal. Nails in the other end of the board receive the strings which are looped 
to the hind legs (Fig. 17). 
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3. After shaving the hair over the skin area covering the saphenous vein, grasp the 
left foot between the third and middle fingers of the left hand and make an incision 
about 1% to % of an inch long, and about % of an inch to the left of and parallel to 


Fig. 16. Roth's method for intravenous inoculation of the mouse. 


(From Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) ’ 


Fig. 17. Intravenous inoculation of the white rat employing the femoral vein. 
(From Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) 


the vein. The skin is then rolled over to the right with the first finger of the left hand 
by drawing the skin on the back of the leg to the left. This will bring the vessel into 
view. An assistant then makes compression to dilate the vessel. If a syringe is used, it 
is preferable to employ a 1 ml. all-glass tuberculin type, graduated to 0.01 ml. and 
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fitted with a No. 26 gauge needle, 54 inch in length. The syringe is balanced between 
the first and middle fingers of the right hand, the hand resting on the little finger; the 
thumb is thus free to operate the piston of the syringe. The needle is then passed 
through the fascia and upper surfaces of the muscles, about 1 inch to the left of the 
vein and almost parallel to it. Advancing the needle slightly farther, the direction is 
changed so that the needle will enter the vein from the side. After the inoculation is 
made, the skin which was pulled to the right to permit the vessel to come into view, 
is released and this skin flap and the muscles act as effective mechanical checks to 
hemorrhage, which is quite profuse, if the needle is inserted directly into the vein. 

4. If a buret is employed and the injection made by gravity instead of by means 
of a syringe, a flexible rubber tube is attached to the buret, while the other end of the 
tube carries a glass tube which is drawn out and ground to fit a No. 25 gauge needle 
1 inch long. The glass tube is handled in the same way as the syringe, and the vessel 
is entered in the same manner as described under the syringe method. 

5. An external jugular vein may be used instead and has the advantage of being 
larger. 

The animal is tied to the operating board in the same manner and a wad of cotton 
placed under the shoulder. With a piece of cotton an assistant holds the head back- 
wards and to one side, rendering the tissues of the operative area tense and firm 
(Fig. 18). 


Fig. 18. Intravenous inoculation of rat employing the external jugular vein. 
(From Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) 


The skin is touched with alcohol and a small incision made just above and about 
in the center of the area where a clavicle in the human would be situated. The subcu- 
taneous tissues are gently dissected and the vein exposed, which becomes very promi- 
nent with respiratory movements. It is well not to attempt entering the vein until it 
is thoroughly exposed, as otherwise one may infiltrate the tissues over and about the 
vein by failure to enter it properly. As soon as the inoculation has been given the animal 
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is quickly released and the wound requires no attention as infection practically never 
occurs and healing is rapid. 

Dog. 1. Dogs may be inoculated through the external jugular or popliteal veins. 
The animal should be fastened to an operating table. 

2. There is a small vein just beneath the skin in the median line, along the anterior 
surface of the leg, which is readily accessible. Clip away the hair and disinfect with 
tincture of iodine and alcohol. Direct the assistant to grasp the thigh just above the 
knee to distend the vein and prevent movement, and make a small incision directly in 
the median line. A small vein is seen at once. Dissect free or pick up gently with fine 
forceps and insert a small sharp needle. The inoculum can thus be readily given. With- 
draw the needle, apply firm pressure, and insert a single stitch. Bind the wound with 
a few turns of a gauze bandage or seal with collodion and cotton. 


TECHNIC OF INTRACARDIAL INOCULATION 


1. Guinea pigs, rats and rabbits may be inoculated by the intracardial route instead 
of intravenously. The technic is not, as a rule, more difficult, and no ill effects are 
noticed. Not infrequently, however, attempts to inject in the heart fail and frequent 
trials are not permissible on account of the danger of injuring the organ. 

2. The animal is tied to an operating board or held firmly by an assistant; an 
anesthetic may be given. 

3. Determine the point of maximum pulsation to the left of the sternum by palpa- 
tion, and quickly insert a thin sharp needle at the selected area. A flow of blood indi- 
cates that the needle has entered the heart. Attach the previously filled syringe and 
slowly inject the inoculum. 

4. Detach the syringe in order to make sure that the inoculation was intracardial 
as intended, which is indicated by a flow of blood; then quickly withdraw the needle. 
The puncture wound may be sealed with collodion. 


TECHNIC OF INTRA-ABDOMINAL INOCULATION 


Rabbit. 1. Clip the hair and shave an area about 2 inches in diameter in the median 
abdominal line just below the umbilicus. Apply 2 per cent iodine in alcohol. 

2. Direct an assistant to hold the animal firmly, head down. With the animal in 
this position the loops of intestine tend to sink toward the diaphragm, leaving an area 
above the bladder which is sometimes free of intestines (Fig. 19). 

3. The syringe is grasped firmly and the needle inserted beneath the skin for a 
short distance in the direction of the head in the long axis of the animal, then the hand 
is raised and the needle forced forward through the peritoneum. When the peritoneum 
has been entered this is evidenced by a relaxation of the abdominal muscles. The needle 
is then withdrawn slightly and the inoculation made. 

Guinea Pig. 1. Direct an assistant to hold the animal firmly upon its back. This 
is better than fastening it to an operating table for it permits relaxation of the ab- 
dominal wall when the inoculation is to be made. 

2. Pluck the hair in the median abdominal line. A small area may be shaved, 
although this is not necessary. Disinfect with an application of iodine in alcohol. 

3. With the left forefinger and thumb pinch up the entire thickness of the ab- 
dominal parietes in a triangular fold and slip the peritoneal surfaces over each other 
to ascertain that no coils of intestine are included. 


28 DISEASES, CARE, INOCULATION AND BLEEDING OF ANIMALS 


Fig. 19. Intra-abdominal inoculation of rabbit. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 


4. Grasp the syringe in the right hand and insert the needle into the fold near 
its base. 

5. Release the fold and inject the inoculum. If a swelling forms, this shows that the 
needle is in the subcutaneous tissues and another attempt should be made to enter the 
peritoneum. 

6. It may be difficult to pinch up the parietes without including the intestine. In 
such case straighten out the animal and stretch the skin between the Jeft forefinger 
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and thumb. Insert the needle obliquely until it is beneath the skin. A slight thrust 
suffices to pierce the peritoneum, when the abdominal muscles will be felt to relax. 
Withdraw the needle slightly and inject the inoculum. 

7. Seal the wound with collodion. 

Mouse. The technic is practically the same (Fig. 20). 


Fig. 20. Intraperitoneal inoculation of mouse. 
(From Wadsworth, Standard Methods. Courtesy of Williams and Wilkins Company.) 


TECHNIC OF SUBDURAL INOCULATION 

Rabbit. 1. Use a No. 18 gauge needle which has been cut off and sharpened to 
about 3/16 of an inch in length, and a 1 ml. syringe. Sterilize by boiling and fill with 
inoculum. 

2. Shave or clip the hair over the site of inoculation, which is located a few centi- 
meters posterior to and on a line with the outer canthus of the eye. In this region a 
small horizontal groove can be detected by feeling with the finger nail. The bone at 
this point is thin. 

3. Place the needle in the groove and force it through the bone into the cranial 
cavity. 

4. Inject the material slowly. 


TECHNIC OF TESTICULAR INOCULATION 
Rabbit. 1. Sponge the scrotum with tincture of iodine. 
2. Fill sterile syringe with material to be inoculated. Use a No. 22 gauge needle 


about 5% of an inch in length. 
3. Insert the needle through the skin of the scrotum into the substance of the 


testicle forced into the scrotum by gentle massage. 
4. Inject the material. 


METHODS FOR OBTAINING BLOOD FROM ANIMALS 


Rabbit. From THE Ear VEIns. 1. Flip an ear vigorously with the hand, and rub 
with xylol and alcohol. The xylol produces marked congestion and afterwards should 
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be carefully removed with alcohol and water as it produces a lowgrade inflammatory 
reaction. 

2. Puncture a marginal vein with a large needle. The blood will flow quickly in 
drops, and practically any amount up to 2 or 3 ml. or even more may be collected in a 
centrifuge or test tube (Fig. 21). For making preliminary tests of serum during im- 
munization, 2 ml. of blood are usually sufficient. Bleeding may be checked by firm 
pressure over the puncture. 

3. Another good method is to place the animal in the box shown in Figure 14, turn- 
ing it up on end and so that the animal’s head is down. This permits one person to bleed 
the animal without assistance. 


Fig. 21. Method of bleeding a rabbit from the ear. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 


From THE Heart. 1. Tie the animal securely to a board and clip the hair from an 
area of the chest about 114 inches in diameter. 

2. Determine the point of maximum pulsation and disinfect with tincture of iodine. 

3. If 5 to 20 ml. of blood are required, use a sterile syringe fitted with a No. 17 to 
19 gauge needle. If more than 20 ml. are required or the animal is to be exsanguinated, 
use a 200 ml. bottle with a rubber stopper fitted with 2 pieces of glass tubing, one 
connected with rubber tubing for suction and the other connected by means of heavy- 
walled rubber tubing with the needle. Sterilize in an autoclave. 

4. If the worker is experienced, ether may be omitted as it may cause more dis- 
comfort than the puncture; otherwise etherize lightly. 

5. Enter the needle at the point of maximum pulsation, applying gentle suction. 

6. Approximately 20 ml. of blood can be taken from a 2000 gram rabbit at intervals 
of 2 or 3 weeks. , 
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From THE NeEcx. 1. Clip the hair from the neck and disinfect with 70 per cent 
alcohol or 1 per cent lysol solution; dry with a towel. 

2. While an assistant holds the anesthetized animal head down, rapidly incise the 
neck on both sides with a razor or sharp scissors (avoiding the trachea and esophagus), 
and collect the blood by a funnel into centrifuge tubes or a dish. Another method is to 
cut the skin with a sterile knife longitudinally and expose the neck muscles for a con- 
siderable distance. 

3. The assistant then holds the animal upright over a sterile dish or a large sterile 
funnel, emptying into a cylinder or 50 ml. centrifuge tube. 

4. The operator stretches the neck by carrying the head backward, and severs the 
large vessels on one or both sides of the neck with a sharp sterile scalpel or razor, 
avoiding opening the trachea and esophagus. 

5. After bleeding, the dish is covered or the tube plugged and set aside for the 
serum to separate. 

Guinea Pig. The animal is anesthetized with ether or stunned with a sharp blow 
and the large vessels of the neck on one side are exposed by a longitudinal incision. 
These are severed and the blood is collected in a petri dish or in a centrifuge tube by 
means of a funnel. Or, by means of sharp-pointed scissors, the vessels on one or both 
sides of the neck may be incised transversely at one cut, inserting the blade deeply and 
close to, but avoiding, the trachea and esophagus. 


Fig. 22. Method of securing blood from the heart of a guinea pig. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 


Blood may be obtained by aspiration from the heart of the living animal (Fig. 22). 
A syringe fitted with a No. 20 or 22 needle is employed. The animal is fastened toa 
board or held by an assistant. It is then lightly anesthetized. The point of maximum 
pulsation is determined and the needle slowly entered into the right chambers of the 


heart. 
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As a general rule, 5 to 15 ml. of blood may be obtained by gentle suction, the 
amount depending upon the size of the animal. Large male animals (700 grams or 
more) are recommended and may be used every 2 to 3 weeks. After withdrawal of the 
needle the animal rapidly recovers, although occasional bleeding may follow into the 
pericardial sac. 

Sheep. Blood may be obtained easily from a freshly killed animal. The first flow 
of blood is discarded and a portion of the remainder is collected in a large sterile 
thick-walled flask containing glass beads. By shaking vigorously the blood is defibri- 
nated if one desires to obtain corpuscles, or the blood may be collected in a cylinder 
and defibrinated by whipping with glass rods. 

In large laboratories it is usual, however, to keep a sheep and to remove the blood 
as it may be required. Small amounts may be obtained from the ear vein, larger quan- 
tities from an external jugular vein in the following manner: 

1. One person may do the bleeding alone although the aid of an assistant is usually 
necessary. This is especially so if the animal is large, powerful and inclined to be 
vicious. 

2. The sheep is thrown on its back and the head is held on the knees of an assistant 
seated on a low box or stool. 

3. The operator may straddle the animal to hold down the forefeet, although this 
is not necessary unless the animal is vicious. 

4. The wool on the left side of the neck is clipped closely with scissors and alcohol 
applied. 

5. The operator then grasps the neck low down with the left hand, and by means 
of the thumb exerts pressure over the base of the neck. The external jugular vein will 
be found in a groove between the omohyoid and sternomastoid muscles. Firm pressure 
over the base of the neck usually distends the vein, which may be seen or easily felt. 
After locating the vein the pressure should be released for an instant, when the disten- 
tion will disappear. In this way the operator may be more certain that the vein has 
been located. 

6. A sterile stout needle, at least 2 inches in length and provided with a trocar and 
special shank for firm grasping, is passed quickly into the distended vein in an upward 
and inward direction. It is essential that the needle be sharp, otherwise it will be turned 
aside by the wall of the vein. The end of the needle must not have too long a bevel, or 
the point will pierce the opposite wall before the body of the needle is well within the 
vein. The trocar is now removed and blood collected in a flask or bottle and defibrinated 
with glass beads or rods. A short piece of rubber tubing may be attached to the needle. 
A suction apparatus is not needed because the flow of blood is good as long as pressure 
is preserved over the vein at the base of the neck. 

7. When the required amount of blood has been secured, pressure is released and 
the needle quickly withdrawn. Bleeding ceases at once and the neck is then washed 
with alcohol. 

8. By this method the same vein may be used over and over again for several years. 
We have never known infection to occur although the gradual formation of scar tissue 
about the site of the puncture may interfere with the operation. 

Horse and Cow. |. Clip the hair on the side of the neck over the jugular vein. 

2. Apply alcohol. 


TECHNIC OF POSTMORTEM EXAMINATIONS 33 


3. Apply pressure with thumb until the vein becomes prominent. 

4. Insert a No. 16 to 18 gauge needle first through the skin and then into the vein. 

5. After collecting blood, remove needle and wipe with alcohol. 

Hog. 1. Cleanse the tip of the tail and wipe with alcohol. 

2. Lay the end of the tail on a block of wood and chop off about 4 to %4 inch 
with razor. 

3. Allow the blood to run into a sterile container. 

4. When required amount is obtained, tie a string around the tip of the tail to 
prevent further bleeding. 

Dog. From THE JUGULAR VEIN. 1. Muzzle and lay on side. 

2. Clip the hair and shave the side of the neck over the jugular vein. 

3. Have the head extended and apply pressure over jugular vein until it becomes 
prominent. If the tissues around the vein are loose it is well to draw the tissues down 
at the same time the pressure is applied, thus rendering the vein immovable. 

4. Insert the needle through the skin and then into the vein. 

FRoM THE RaptAL VEIN. 1. Muzzle and lay on table in natural position and hold 
one front foot extended forward. 

2. Apply firm pressure around the proximal end of the radius, or humeral radial 
articulation. The radial vein will become prominent along the anterior surface, from 
which blood can be drawn with a syringe and needle. 

FROM THE SAPHENOUS VEIN. 1. Muzzle and place on side. 

2. Apply pressure on the inner thigh region or around the thigh or femoral region. 
The saphenous vein will become prominent and blood can be removed at a point where 
the vein passes very superficially over the outer tibial region. 

Fowl. From THE Comps. Clip off a small piece of one of the points of the comb. 
Sufficient bleeding will occur to furnish blood for blood counts, hemoglobin estimations 
and smears. 

From THE HuMERAL VEIN. 1. Hold the bird on its side so that the breast is pre- 
sented toward the operator. Turn the top wing back. 

2. Insert the needle (No. 21 gauge) into the humeral vein which is situated in the 
loose fascia on the inner side of the wing in the humeral region. 

3. Withdraw the blood and place in tube as quickly as possible as the blood of 
fowls coagulates rapidly. 


TECHNIC OF POSTMORTEM EXAMINATIONS 
1. Autopsies should be performed as soon after death as possible, especially if 
bacteriologic examinations are required. 
2. Select suitable instruments and have a separate set for each step if bacteriologic 
examinations are to be made (in which case boil all instruments for at least 5 minutes). 
3. Fasten the animal on a board or tray exposing the ventral surface. Disinfect the 
hair with 1 per cent cresol and examine the skin at the point of inoculation for ulcera- 


tions or other lesions. 
4. Incise the skin from the neck to the pubis. Cut the skin at right angles at the 


ends of the cut. | 
5. Separate the skin and lay the flaps back on each side, exposing the entire 


abdomen and thorax. Note the condition of the subcutaneous tissue, axillary and 


inguinal lymph glands. 
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6. Make cultures of the peritoneal fluid at this time by puncturing the peritoneal 
wall with point of capillary pipet or needle attached to a syringe. 

7. With fresh instruments, cut through the peritoneal wall from the diaphragm to 
the pubis. Make right angled cuts to form flaps which can be laid back to expose the 
organs. 

8. Examine and make necessary cultures of the abdominal organs. 

9. With blunt-pointed scissors cut through the costal cartilages, making a V-shaped 
incision. Lay back the flap and expose the thoracic organs. 

10. If a blood culture is to be made, lift the heart and hold it in position with a 
hemostatic forceps. Cut the pericardium and sear an area of the right ventricle with a 
hot instrument; make a short incision with a sterile scalpel, withdraw blood with a 
sterile pipet or a sterile loop to a suitable culture medium and make smears on slides. 

11. If histologic examinations are desired, remove small pieces of tissue and place 
them in a Zenker’s solution or 4 per cent formalin; use 5 to 6 times as much solution 
as tissue. 

12. Dispose of the animal by burning or place it in a 1 per cent solution of crude 
cresol for disinfection. 

13. Those who are not familiar with the anatomy of the various experimental 
animals should consult texts on this subject. 
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METHODS FOR THE PREVENTION AND TREATMENT 
OF LABORATORY ACCIDENTS 


The modern laboratory worker is surrounded by many dangers, especially from 
infection in the conduct of necropsies and the handling of infectious material in 
bacteriologic examinations, as well as from scalds, burns, the accidental swallowing of 
corrosive poisons, the inhalation of poisonous fumes and the breaking of glassware. 
This is especially true of inexperienced workers who are likely to be ignorant of poten- 
tial dangers or may engage in conversation and other distractions while handling and 
measuring infectious material, cultures, acids and alkalis. 


PREVENTION OF ACCIDENTS 

Good rubber gloves should always be worn in the conduct of necropsies of animals 
or persons, and the handling of fresh infectious tissues (anthrax, syphilis and tubercu- 
losis); and great care should be taken against accidental pricking of the fingers with 
sharp edges of bone and needles as well as against cuts with knives and saws. 

Pipets employed for transferring or measuring cultures of virulent bacteria such as 
tubercle, diphtheria and typhoid bacilli and Brucella abortus, should have the mouth 
ends plugged with cotton or a piece of rubber tubing and a glass mouthpiece should 
be attached for filling and expelling. Also various syringes are available. Likewise in 
pipetting acids, alkalis and other poisonous solutions the worker should use these 
precautions and exercise great care. It is particularly important to keep one’s mind 
on the work and not to engage in conversation or other distractions. 

The hands should be kept free of cuts and abrasions, particularly around the 
fingernails, and carefully washed with soap and water followed by immersion in a 
disinfecting solution after handling infectious material and before meals. 

Table tops should be carefully wiped with a disinfecting solution after working with 
infectious material and it is sometimes advisable to work on a towel wrung out in a 
disinfectant such as 2 per cent lysol solution. 

Pipets, test tubes and instruments employed in the examination of infectious 
material should be placed immediately in a disinfecting solution such as 2 per cent lysol, 
or immediately sterilized by boiling. 

In grinding dried bacteria a mask should be worn or the procedure conducted in a 
special hood insuring against the inhalation of dust. 

Containers contaminated with sputum or feces; or slides soiled with excessive 
amounts of vaginal or urethral pus should not be handled at all, but consigned to a 


disinfecting process. 
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Chemical work involving the production of irritating and dangerous fumes should 
always be conducted under hoods with good exhausts and adequate ventilation. 

Electric heaters and other electrical apparatus should be inspected frequently and 
immediately repaired as a safeguard against short circuiting and fires. Bunsen burners 
should never he used around inflammable materials. Ether, alcohol and similar fluids 
should be carefully kept away from all possible contact. 

All laboratory workers should be immunized against diphtheria if Schick-positive; 
also against typhoid and paratyphoid fevers. Cowpox vaccination is advisable every 
few years and after every contact with smallpox. Good general health should be main- 
tained at all costs as an effective means for keeping natural immunity and resistance 
at a high level. 


EMERGENCY TREATMENT OF ACCIDENTS 


Cuts and Needle Pricks. Remove all foreign matter, such as pieces of glass and 
dirt; then apply tincture of iodine, taking care that the tincture reaches all crevices 
of the wound. 

If the cut is slight or does not bleed copiously, place a small pad of gauze directly 
over the wound and bandage it tightly enough to stop the flow of blood. If a small cut 
does not stop bleeding from the pressure bandage alone, apply peroxide of hydrogen 
and bandage with a pad of gauze over the wound. 

If the cut is severe and bleeds copiously, apply a tourniquet to check the bleeding. 
If the cut is of an artery, indicated by the blood being a bright scarlet and flowing in 
an intermittent stream, the tourniquet is to be placed between the cut and the heart. 
If of a vein, shown by dark purplish blood, the tourniquet should be placed below the 
wound. Under no conditions should a tourniquet be allowed to remain in place for 
more than 2 hours at a time. 

Needle pricks should be squeezed to promote bleeding, carefully washed with hot 
water and soap and treated with tincture of iodine. 

Burns. From FLAmeEs or Hor Osyjects. Dress with butesin picrate ointment, 
and, if serious or covering a large area, bandage over the dressing. Dressing ou be 
completely changed at least once a day. 

Blisters forming from burns should be opened and drained by puncturing in at least 
2 places near the edge and pressing out the liquid. The puncture may be made with a 
flame-sterilized needle or razor blade. When changing a dressing, any blisters present 
should be again drained. 

From CHEmIcaL AGENTs. Burns from strong acids, bromine, chlorine, phosphorus 
or other material of acid character, are washed first with large quantities of water, then 
with 5 per cent sodium bicarbonate or 5 per cent ammonium hydroxide solution, 
dressed and bandaged as just described. 

Burns from strong alkalis, sodium hydroxide, metallic sodium or potassium or other 
materials of alkaline nature, are washed first with large quantities of water, then with 
5 per cent boric or acetic acid solution, dressed or bandaged in the same manner, 

Burns from phenol are washed immediately with strong alcohol, then dressed and 
bandaged, if necessary. 

Or THE Eye. Flush first with large amounts of water. Then, if due to acid material 
or formaldehyde, flush with 5 per cent sodium bicarbonate solution. If due to alkaline 
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material, flush with 5 per cent boric acid solution. In either case a drop or two of 
castor, cottonseed, or olive oil in the eye is good as a soothing agent. 

Scalds. Blisters should be drained as previously described. The injury is then 
dressed and bandaged, using suitable neutralizing agents if due to acid or alkaline 
materials, as prescribed for burns. 

Swallowing of Mineral Acids. Wash out the mouth immediately with large 
amounts of water and alkaline solutions such as decinormal sodium hydroxide, or milk 
of magnesia. 

Give calcined magnesia, white magnesia, milk of magnesia, or lime-water immedi- 
ately, mixed in milk or any mucilaginous fluid that will act as a demulcent. Repeat the 
dose at short intervals until neutralization of the acid may be inferred. Do not give 
carbonates as antidotes for mineral acids. Oleaginous and mucilaginous fluids should 
be given freely, even as vehicles for the antidotes. In the case of strong sulfuric acid, 
water, if given at all, should be given in large quantities, on account of the heat de- 
veloped. Ice may be given to relieve thirst and pain. Stomach tube and emetics should 
not be used. Or, give a teaspoonful of universal antidote in a small glass of warm water. 
This antidote is made by mixing 2 parts of pulverized charcoal, 1 part of magnesium 
oxide and 1 part of tannic acid. It is well to keep a supply on hand. 

Swallowing of Caustic Alkalis. Wash out the mouth immediately with large 
amounts of water and weak acid solutions. 

Administer a weak acid, such as 5 per cent acetic acid, vinegar, or lemon juice until 
neutralization of the alkali may be inferred; or, give a teaspoonful of universal antidote 
(previously described) in a small glass of warm water. Give butter, olive or cottonseed 
oil, or other oils or fats to form soaps. 

Assist vomiting by drafts of tepid water. 

Swallowing of Phenol and Phenolic Compounds. Wash out the mouth immedi- 
ately with dilute alcohol (30 to 40 per cent). 

Give immediately 4 ounces of alcohol mixed with 4 ounces of water, or %4 pint of 
whisky, and remove from stomach by use of emetic, preferably of mustard (table- 
spoonful in enough water to make a thin cream). If stomach tube is used, it must be 
with great care. 

Inhalation of Corrosive Gases. Remove patient to fresh air, and place prone, 
face down, with head slightly lower than the chest, so that vapors may drain from 
the lungs. 

Permit inhalation of vapors of acetic acid if ammonia is active agent, and of dilute 
ammonia if acid vapors are being treated. 

Inhalation of vapors of alcohol or ether soothes the respiratory tract. 

Toxic headaches due to the inhalation of vapors of various materials may be com- 
bated by removing to fresh air, administering 5 to 10 grains of aspirin, and allowing 
the patient to rest for a time. 

For hydrogen sulfide fumes inhale ammonia from 5 per cent ammonium hydroxide, 
or inhale fresh air containing a small proportion of chlorine. Administer milk, white 
of egg in water, olive or cotton seed oil. 

Swallowing of Virulent Cultures. Accidental contaminations of the mouth with 
cultures of staphylococci, streptococci or pneumococci are not dangerous although it is 
advisable immediately to rinse well with hot water and a disinfectant such as 1:2000 


bichloride of mercury or diluted hydrogen peroxide, 
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Virulent diphtheria cultures are much more dangerous. The measures just described 
should be employed immediately. If Schick-negative, there is little or no danger of 
infection. If Schick-positive, infection may follow unless a prophylactic injection of 
1000 units of antitoxin is given. 

The swallowing of typhoid, cholera and dysentery bacilli also carries some danger, 
especially in the case of freshly isolated cultures. The mouth should be disinfected 
immediately as described previously. In the case of typhoid cultures, it may be advis- 
able to undergo active immunization unless this has been done within 2 years. 

Great care is also required in working with the Brucella. In case of contamination, 
immediate immunization with vaccine is recommended following the cleansing measures 
already prescribed. Great care is also required when working with Past. tularensis. 

Contamination with Syphilitic Material. When needle pricks or cuts occur while 
removing chancre or other syphilitic material for examination, squeeze to promote 
bleeding; then wash carefully with fot water and plenty of soap. Dry and thoroughly 
apply a 33 per cent ointment of calomel or a 1:1000 solution of bichloride of mercury 
(ointment preferred). Renew the applications twice a day for at least 3 days. 

Contamination of the hands with the blood of syphilitic patients while taking blood 
for the Wassermann test or giving injections is rarely dangerous and not at all unless 
there are needle pricks, cuts or abrasions. However, in a case of contamination of cuts 
and pricks with blood, it is advisable to use the measures just described. 

We have never heard of or seen syphilitic infection following accidental contamina- 
tion of the mouth with syphilitic serum or cerebrospinal fluid while conducting the 
Wassermann and other tests. The manipulations involved in the preparation of serum 
and especially heating at 55° C. for 10 minutes or longer, are almost sure to kill the 
spirochetes, even if they were present, as Treponema pallidum is very susceptible 
to heat. 

Spinal fluids, however, especially from paretics, are potentially more dangerous, 
particularly if contamination occurs during spinal puncture or soon thereafter. If needle 
pricks or cuts occur, the measures described earlier should be applied. If spinal fluid 
is accidentally taken into the mouth during total cell counts or other examinations, 
it will suffice to rinse thoroughly with water and 1:1000 bichloride of mercury. 


Part Two 
CLINICAL PATHOLOGIC METHODS 
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METHODS FOR THE EXAMINATION OF THE BLOOD 


Curis J. D. ZARAFONETIS 


Principles. 1. Next to urine examinations, it is probable that red and white 
corpuscle counts, hemoglobin estimations and differential leukocyte counts are the 
laboratory examinations conducted most frequently in clinical pathology. Cheap dilut- 
ing pipets, counting chambers and coverglasses are responsible for a great deal of error; 
only the better grades are recommended and preferably those with the U. S. Bureau of 
Standards’ certification. Pipets with broken tips are especially likely to be inaccurate. 
It is recommended that only the best apparatus be employed with scrupulous attention 
to all technical details. Considerable practice and experience are required for obtaining 
results of acceptable accuracy. Almost invariably variations from the normal should be 
carefully checked. 

2. Routine examinations vary in different laboratories and in the practice of differ- 
ent physicians. These usually include the following, named in the order in which 
specimens of blood should be collected: (1) hemoglobin estimation (2) erythrocyte 
count (3) leukocyte count and (4) smears for a differential leukocyte count and the 
detection of abnormal leukocytes and erythrocytes. 

3. Changes in the hemoglobin, erythrocytes, leukocytes and thrombocytes (plate- 
lets) are due to abnormal states. The more primitive or precursor erythrocytes and 
leukocytes do not occur in the circulating blood of healthy adults and their presence 
is usually indicative of serious disease of the blood-forming tissues or organs. It is 
important, therefore, not only to enumerate the various kinds of cells, but to recognize 
abnormal cells. This is not always an easy matter and has been made even more difficult 
by complicated definitions and confusing terminologies. Fortunately the Committee 
for Clarification of the Nomenclature of Cells and Diseases of the Blood and Blood- 
forming Organs (Am.J.Clin.Path., 1948, 18:443; 1949, 19:56 and 1950, 20:562) has 
recently recommended terminologies and definitions for the various cellular elements 
of the blood. These recommendations have gained wide acceptance in the United States, 
and are incorporated in this chapter. It is recognized, however, that terms differing 
from those recommended by the Committee will appear in current literature. The 
colored plates shown in this chapter carry legends which employ a number of terms 
differing from those selected by the Committee. In such instances, the legends have 
been modified, with the newer terminology appearing in italics. 


APPARATUS FOR BLOOD EXAMINATIONS 


1. It is advisable for the laboratory to be supplied with either the Thoma (Fig. 23) 
or Trenner (Fig. 24) automatic pipets for the counting of erythrocytes and leukocytes. 
The Thoma erythrocyte pipet gives dilutions ranging from 1:100 to 1:1000 and the 
Trenner a dilution of 1:200. The Thoma leukocyte pipet gives dilutions 1:10 up to 
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1:100 and is useful for very high and very low counts. The Trenner gives a 1:20 dilu- 
tion although pipets giving a 1:10 dilution are available. 

2. All pipets should be guaranteed to be within the tolerance for accuracy estab- 
lished by the United States Bureau of Standards of + 3 per cent for the principal 


Fig. 23. Thoma diluting pipets. Fig. 24. Trenner automatic pipets. 


interval. Pipets with the Bureau of Standards’ certification are recommended, although 
they are probably too expensive for routine work. It is advisable, however, for every 
laboratory to have at least one certified red 
corpuscle and leukocyte pipet with which new 


accepted for work. 


bers are in use, the Levy with the improved 
Neubauer ruling (Fig. 25) is recommended, 
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Fig. 25. Entire area of improved Neubauer 
ruling. Fig. 26. Marbel blood cell calculator. 


also the Levy-Hausser with bakelite holder and double Neubauer ruling. At slight 
extra cost these may be purchased with the United States Bureau of Standards’ certifi- 
cation and every laboratory should have at least one for com- 
parative counts with new chambers before the latter are adopted 
for routine work. 

The Spencer Lens Company offers a “bright line” counting 
chamber in which the ruling is made on a metallic coating on 
the glass. In focus, the lines appear white and are easily visible; 
it is also stated that the nature of the surface results in a more 
even distribution of cells. 


4. Accurate blood cell counting requires a coverglass with 
optically plane surfaces. The curvature of an ordinary cover- 
glass as used in bacteriologic work is such as to render an 
otherwise perfect counting chamber absolutely useless from the standpoint of accuracy. 
For very little extra cost, coverglasses may be obtained with the United States Bureau 


Fig. 27. Veeder hand 


counter. 
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of Standards’ certification, and these are recommended for the best work. The Hausser 
reenforced precision glasses are recommended for the counting chamber method of 
standardizing vaccines. 

5. The Marbel blood cell calculator (Fig. 26) is highly recommended for red and 
white corpuscle counting and for differential leukocyte counting. The Veeder hand 
counter, while not as elaborate, is less expensive and very useful (Fig. 27). 


METHODS FOR CLEANING APPARATUS 


1. Pipets and counting chambers should be cleaned immediately or as soon as 
possible after using. 

2. Draw water through pipets until all traces of blood and serum are removed. 

3. Without drying, draw through alcohol or acetone. 

4. Draw through ether (may be omitted if acetone is used). 

5. Draw air through until the pipet is dry (if properly dried the bead in the bulb 
should be freely movable). 

6. If blood has dried in the stem of a pipet, remove it with horsehair or fine stiff 
wire and fill pipet with antiformin, nitric acid or bichromate-sulfuric acid cleaning fluid 
and allow it to stand 
overnight; then clean 
thoroughly as de- 
scribed. The use of un- 


Fig. 28. Multi- . : j 
role foie diluted antiformin for 
- ing nozzle. 20 minutes is usually 


sufficient. 

7. The multiple aspirating nozzle for 
attachment to a pump (Fig. 28) and 
the Haden cleansing apparatus (Fig. 
29) are very convenient and time-saving 
for the simultaneous cleaning of several 
pipets. 

8. Immediately after use, the ruled 
area, the surface of the slide, and the 
coverglass of the counting chamber 
should be cleaned with water and dried 
with a soft lint-free cloth. If this is not 
done the lines will become partly ob- 
literated with debris. If diluted blood 
has been allowed to remain on the slide Fig. 29. Haden cleansing apparatus. 
or the ruling becomes indistinct, it may 
be necessary to immerse the slide in decinormal sodium hydroxide or in one of the 
solutions mentioned for cleaning pipets. The Levy-Hausser chamber may also be 
washed with alcohol and ether without damage. 


METHODS FOR COLLECTING CAPILLARY BLOOD 
1. Blood is usually obtained by pricking a finger or the lobe of an ear. In the case 
of babies, the big toe or heel may be employed. Otherwise, the finger is always to be 
preferred because pipets can be used more accurately, the technician need not stand, 
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and hair is not disarranged. If, however, it is necessary to employ the ear, the puncture 
should be made in the edge of the lobe. The ear upon which the patient has been lying 
should not be used because of congestion which would give erroneous results. 

2. All apparatus (hemo- 
globinometer, pipets, diluting 
solutions, slides or cover- 
glasses) should be in readi- 
ness, preferably on a tray 
(Fig. 30). 

3. Probably © the!” “best 
“sticker” is a straight Hage- 
dorn needle placed in a cork 
and kept in a bottle of 95 
per cent alcohol (Fig. 31); 70 
per cent alcohol will rust the 
needle. A sharp needle should 
always be employed. This 
needle makes a_ triangular 
puncture which bleeds freely; 
an ordinary round needle or 
pin is unsatisfactory. Simple blood lancets (Fig. 32) and spring lancets are available 
(Fig. 33). Care should be exercised when using the latter; otherwise the incision may 
be too deep and inflict unnecessary trauma. 

4. The finger must be free 
from edema, congestion and in- Cal a nce Fp 
flammation. Do ne use the High Sor aie clemileed 
finger of a hand which has been ennet 
hanging over the side of the bed 
as it is likely to be congested. 
The finger should be warm and 
the circulation free. If the hand 


Fig. 30. Stanley hematologic tray. 
(Courtesy of Arthur H. Thomas Company.) 


Fig. 33. Spring blood lancet. 


is cold and clammy, too much (Courtesy of Arthur H. 
squeezing is required with re- Thomas Company.) 
ALCOHOL sulting error due to tissue juices. 
(95 %) Under these circumstances immersion of the hand in warm 


water for a few minutes, or vigorous massage, is required. 

5. The side of the last phalanx of the middle finger is pre- 
ferred (Fig. 34). If the tip of a finger is used, lance across 
rather than parallel with the lines of the skin. 


Fig. 31. Hagedorn 
needle in cork for 
finger or ear punc- 6. Cleanse the skin by rubbing vigorously with a cotton 


ture. pledget saturated with alcohol. Use dry cotton or gauze to 


dry the skin. Do not prick a wet finger as the alcohol will 

cause the blood to spread out in a thin layer instead of collecting in a large drop; 

alcohol will also coagulate the proteins of the blood, making it impossible to draw the 
blood into pipets. 

7. Squeeze the tip of the finger and make a firm, quick, deep puncture so that 


_ METHODS FOR COLLECTING VENOUS BLOOD 43 


Fig. 34. Pricking side of finger with Hagedorn needle. 


bleeding occurs on slight pressure. Always wipe away the first drop of blood. Use light 
pressure, if necessary, to produce succeeding drops. 

8. When the necessary specimens have been secured, wipe the finger with alcohol 
and have the patient hold an alcohol pledget on the finger until all bleeding has 


stopped. 
METHODS FOR COLLECTING VENOUS BLOOD 


1. In the great majority of cases the veins of the forearm, especially those about 
the elbow, are employed, i.e. the median cephalic, median basilic, common ulnar and 
radial veins (Fig. 35). The median, ulnar and cephalic veins are also employed; 
indeed, any prominent, well supported vein may be used, but the median basilic is 
probably the least desirable for the inexperienced because of the proximity of the 
internal cutaneous nerve and because it is separated from the brachial artery only by 
the biceps fascia which may be pierced by clumsy technic. 

The most prominent vein is not always the easiest to enter because it may roll 
under the needle; under such circumstances it is especially advisable to use a short and 
very sharp needle. The best veins are those which are full, but well supported by the 
subcutaneous tissues to prevent rolling and dimpling during the introduction of the 
needle. 

In some cases the veins about the wrists or on the back of the hand may be 
employed; however, never by choice but only by necessity, since they are small, very 
thin, easily pierced and likely to give subcutaneous hemorrhages. The same is true of 
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veins about the ankle. When these veins are employed the needle must be short, very 
sharp and not larger than gauge No. 20 or 22. 

2. The practical importance of a proper tourniquet is not to be overlooked. It should 
be at least an inch wide in order to produce the minimum of discomfort and should be 
applied in such a manner that it may be released instantly and with no commotion. 

In many instances a tourniquet may be improvised by twisting a towel, a piece of 
bandage or the shirt sleeve, and held by an assistant or the patient, but these pro- 
cedures are inferior to a piece of ordinary garter elastic or a strip of rubber sheeting 
held by a slip knot. Sometimes an assistant, or even the patient, may firmly grasp the 
‘arm and distend the vein sufficiently. The 
ordinary surgical tourniquet is too clumsy 
and is generally unsatisfactory; the tourni- 
quet of rubber tubing held by a hemostat 
is only a makeshift, apt to wrinkle and pinch 
the skin. The cuff of a sphygmomanometer 
makes an excellent tourniquet, being broad 
and comfortable and readily applied and 
released. A satisfactory tourniquet consists 
of 15 inches of good garter elastic, about 
an inch wide, applied with one firm turn 
and held by a slip knot (Fig. 36) which is 
released instantly by a slight pull without 
disturbance. The tourniquet should be ap- 
plied flat without wrinkling or pinching the 
skin. 

3. After applying the tourniquet the 
patient should open and close the hand 
vigorously for a few seconds and keep the 
hand clenched during the introduction of 
the needle; this aids in distending the super- 
ficial veins. 

The tourniquet should not be applied 
too soon; all should be in readiness, as the 
most comfortable tourniquet becomes very 

; uncomfortable when venous stasis is main- 

dhe: Sites: of choice are: marked withan & fa inedvover. severaletminite: wunere ire et 
(x); it is always advisable to avoid punc- : gee 
tures near the crease of the elbow in order should be released if more than 2 minutes 


to avoid subsequent discomfort. (From 2 , ; 
are required for securing blood. 
Kolmer, Chemotherapy. Courtesy of W. B. q J 8 oad 


peecaCompan) 4. For simple venous puncture it is suffi- 

cient to prepare the skin by cleansing with 
alcohol Tincture of iodine (5 per cent) or a solution of picric acid (5 per cent) may be 
applied, but if so, they should be wiped away with alcohol. 

If it is necessary to incise the skin, there should be thorough preliminary cleansing 
with soap and water, followed by iodine and a final cleansing with alcohol in order 
to guard against infection of the skin and to prevent scar formation as much as possible. 

5. The vein should be steadied with the thumb and index finger; some physicians 
prefer to slightly stretch the skin over the vein to steady it although this tends to flatten 


SG. 


Fig. 35. Choice of veins for securing blood. 
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the vein and increase the chances of transfixion. Various clamps have been devised for 
grasping and steadying the vein through the skin, but there is no better means than 
the finger and thumb of the disengaged hand. 

6. The needle should be held at an acute angle to the arm: it is a mistake to 
attempt entering the vein at a right angle because of the danger of passing through 
the vessel. It is also good practice to puncture the vein obliquely, that is, with the 
needle directed to the side of the vein rather than directly over its top and especially 
if the vessel is very prominent, sclerotic and freely movable. When an attempt is made 
to puncture directly over the vein the needle sometimes slips over its top and passes 
into the perivascular tissues. However, when the vein is not prominent, but is felt full 
and elastic in the subcutaneous tissues, one may enter the needle directly over the vein 
as the vessel is well supported and unable to roll. 


Fig. 36. Showing the details of a satisfactory slip knot tourniquet of ordinary garter elastic. 
(From Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) 


Witu A Svrince. A sterilized 5 or 10 ml. Luer or Record syringe, fitted with a 
No. 20 to 22 needle, is recommended (Fig. 37). It is not necessary to use a larger 
needle which inflicts unnecessary pain. The needle should be short and not over 
114 inches; long needles interfere with the flow of blood and are more difficult to enter 
into a vein. The bevel must be short rather than long, but not too stumpy; it is impera- 
tive to use a sharp and rust-free needle to conduct the operation with the minimum 
of pain and leave no stained puncture site in the skin. j ; 

Wiru a Neepte. Blood may be secured from a vein by merely introducing a suffi- 
ciently large sterilized needle and allowing the blood to flow into a prepared test tube 
or vial. For this purpose the needle should be gauge No. 18 to 20 or even larger Since 
suction is not applied and the shaft should not be too long as otherwise coagulation 
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Fig. 37. Correct angle for holding a syringe for entering a vein. 
(From Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) 


Fig. 38. Method of withdrawing blood with a needle. 
(From Kolmer in Keen’s Surgery. Courtesy of W. B. Saunders Company.) 
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may occur. It is of advantage to grasp the needle with a hemostat as shown in 
Figure 38. This method, however, is apt to be “messy” and is inferior to the Keidel 
tube and syringe methods. 

7. Usually in children over 6 years of age, blood may be obtained from an arm 
vein. In younger children and infants the external jugular vein (Fig. 39) or some other 
superficial vein may be used. 


Fig. 39. Method of obtaining blood from an external jugular vein. 
(From Kolmer in Keen’s Surgery. Courtesy of W. B. Saunders Company.) 


METHODS OF USING OXALATED BLOOD 


According to Osgood, Haskins and Trotman (J. Lab. & Clin. Med., 1930, 16:476) 
oxalated blood may be used for the following examinations if the latter are made within 
the designated time after the collection of blood: 


HOURS 

emoglobinmestimationy sme se mek ee air. 24 
Redecell ke countess en oe es ee husk ok 24 
TOMO GY LE mCOUMI La ert rn a hen Cees eso Siecle 1 
REGS CEE VO LUMI C MOM ER sate Wor rhe fein ches tists mee Aen 

COLTRI epee rh ee sn Sl sin eae y ts 24 
WAOTET ORES AIATGUED CE At tent ak eet meee ERPS IRE Pangea a 3 
SALULAVIONMIILCeX et nc een marth ares wht ee hur te Seon 3 
RG RETRUSHITNC Exper aM CED mE ter cnain setae ak et. & 4 
\Wenaverfe Cla kad BS ed Ne hoa ok ans |e One oi RS a EEN 4 
WL ERCC LING OLN turd Montes sont uaauiae ees 24 
Sinaeene Woh? Chhideasatuey! Obie’, ej neen amon orb eo oe 1 
PELORIGASCLES UHR cya oon tots te eos Sadia stents AD eae 3 
Hira Clityaites beware | eneetasee be POA Pines Ae S 
Sreahinavsauanuayn seh go one he as ae ol obs eee 3 
Reticotlocyte COuUnth a. . se... sess A. ete a oh _ 24 


1. A mixture of dry ammonium and potassium oxalate is advised (J. Lab. and Clin. 
Med., 1934, 19:777) which may be prepared by dissolving 1.2 gm. of dry ammonium 
oxalate and 0.8 gm. of dry potassium oxalate in 100 ml. neutral distilled water. Place 
0.5 ml. in each of a series of chemically clean dry test tubes stoppered with cotton and 
evaporate to dryness in a hot air sterilizer. These amounts of the 2 oxalates are for 


5 ml. of blood. 
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TABLE 3. NORMAL VALUES AND RANGES FOR HUMAN BEINGS. 


Constituents 


Normal 


Total erythrocytes 
(per c.mm. of blood) 


Under the best of conditions, at least 7.8 per 
cent error in counting, increased by physio- 
logic causes: (a) Muscular activity, (6) 
psychic factors (excitement or fear), (c) 
high altitudes and (d) sex after puberty 
(higher in males than females). Meals 
have no influence except reduction through 
high fluid intake. Climate, temperature 
and season have no influence except pos- 
sible increase from dehydration (profuse 
sweating with low fluid intake). 

Age has an important influence. Infants 6 
million at birth dropping in 2 weeks to 
childhood level 4 to 5.5 million. 

Adult males 4.5 to 6 million. 

Adult females 4.2 to 5.4 million. 


Reticulocytes 


0.5 to 1.5 per cent of erythrocytes. 


Volume packed erythrocytes. 
(ml. per 100 ml. of blood) 


Infants 60, falling to childhood level 44 to 
35. 

Adult males 41 to 52. 

Adult females 38 to 46. 


Hemoglobin—gm. per 100 ml. 


Mean corpuscular volume (cubic microns) 


Infants 17 to 25 at birth, falling in first 2 
months to childhood level 10 to 15. 

Adult males 14 to 17. 

Adult females 12 to 16. 


Infants 105 at birth falling rapidly to child- 
hood level 87 to 73. 
Adults 82 to 96. 


Mean corpuscular hemoglobin in micro- 
micrograms 


Infants about 40 at birth falling rapidly to 
childhood level 33 to 27. 
Adults 29 to 32. 


Mean corpuscular hemoglobin concentration 
(gm. per 100 ml. of packed cells) 


Infants about 45 at birth falling rapidly to 
childhood level 41 to 34. 
Adults 30 to 36. 


Color index 
Volume index 
Saturation index 


See text. 


Sedimentation rate 
(1 hour) 


Males up to 8 mm. 
Females up to 10 mm. 
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TABLE 3 (Cont.). NORMAL VALUES AND RANGES FOR HUMAN BEINGS. 


Constituents Normal 


Min. resistance (slight hemolysis); 0.40 to 
0.46 per cent NaCl sol. Max. resistance 
(complete hemolysis) ; 0.30 to 0.36 per cent 
NaCl sol. 


Fragility of erythrocytes 


Infants 10,000 or higher. 
Children 5,000 to 14,000. 
Adults 5,000 to 10,000. 


Total leukocytes 
(per c.mm. of blood) 


(a) Immature and mature granulocytes, (Dd) 
lymphocytes and (c) monocytes. Absolute 
numbers and percentages vary with age. 
(See Table 4.) 


Kinds of leukocytes 


Vary according to different methods; in gen- 


Thrombocyt 
TOMDOCYLES eral terms 250,000 to 500,000 per c.mm. 


Lee and White method—5 to 8 minutes. Cap- 
Coagulation time illary tube method—1 to 7 minutes. Howell 
method—10 to 30 minutes. 


Bleeding time 1 to 3 minutes (method of Duke). 


Prothrombin time 12 to 13 seconds (method of Quick). 


Clot retraction time Begins 1 hour—marked in i8 hours. 


2. Draw exactly 5 ml. of blood from a vein as described. 

3. Remove the needle from the syringe before discharging the blood into oxalate 
tube as hemolysis may occur if the blood is forced through the needle. 

4. Stopper test tube (never use cotton) and shake at once by holding test tube 
obliquely in left hand and tapping other end with right hand. 

5. The blood must be thoroughly mixed in this manner immediately before samples 
are withdrawn for any test. 

6. Samples should be taken directly from the test tube and not from blood poured 


out on a slide or watch glass. 

7. The tube must be kept stoppered at all times when not in use and in case of 
delay should be kept in a refrigerator. 

8. The time limits given above should be observed if the most accurate results 
are desired although, as a rule, a slightly longer time will not introduce clinical error. 

The advantages of this method are that if during the study of the blood further 
hematologic work is deemed desirable, it may be done on the same sample. Repeated 
estimations are possible for checking results. If an unusual or interesting blood picture 
is encountered, as many slides as are desirable may be made for future reference or for 


teaching purposes without again disturbing the patient. 
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NORMAL VALUES AND RANGES 


Normal values and ranges vary according to age, sex, locality and the methods 
employed. Those summarized in Tables 3 and 4 are believed to be fairly representative 
for normal healthy human beings under average conditions. It is recommended that 
blanks employed for submitting reports on hematologic examinations always state 
the normal values or ranges for the assistance thereby given clinicians in the inter- 
pretation of results. 


METHODS FOR THE ESTIMATION OF HEMOGLOBIN 


Principles. 1. None of the methods in common use can be recommended from the 
standpoint of absolute accuracy. Owing to a variety of methods and standards, express- 
ing hemoglobin in per cent may lead to confusion in interpretation. Widely varying 
results may be reported on the same individual examined in different laboratories. 
This source of inaccuracy and misunderstanding can be overcome by expressing the 
results as grams of hemoglobin per 100 ml. of blood on the assumption that volumes 
per cent oxygen capacity — 1.34 equals grams of hemoglobin per 100 ml. 

2. The most accurate methods available at present are that of Van Slyke for deter- 
mining the oxygen capacity of the blood, and that of Wong for determining the iron 
content. However, these are not sufficiently simple for routine work, but are valuable 
for checking the accuracy of clinical methods. 

3. It is recommended that reports show hemoglobin in grams per 100 ml. of blood 
instead of in per cent. The average normal values at various ages in relation to sex 
may be taken as follows (grams per 100 ml. of blood): 


AGE MALE FEMALE 
Birth ieee nn ees owe PCIe arr er Ort eae a es Bie Sey 6 Same 
LOM ay Stok: seg eat eee DAA se og deaeae Pets oe e 
Lemonthi get hee ote 1:9)..0) vig os, ne ee se Une + 
aNd Le A ae ee LO 2: ance tana nae Mes i 
OBMOntHS ey eee eee 13740 = on sence. Mencee sf 
Le Vear enn, Set eee VOLO CE ee pe S 
SPV CATS Ieee ste eee ae TS ra ete ee ek Oe by 
pV. GATS ate ae eee if LQWa pe etaed 2 teense ee 2 
LS Sy eCalsea oe eee D4 Te shai eee, ee 15.0 
2 OSV. CATS aan beaten eee AKG cton Sock Bote Gree, as ants ee 15.4 
GORY CATS teva.) oer AN G9 a ak re te AR ee: 15.9 
SOU EALS Mera ote heen ey ees eer re hE iLSpil 


4. Grams of hemoglobin per 100 ml. of blood may be converted into percentage 
as follows: divide the normal in grams according to age and sex into 100 to obtain 
the factor; multiply the grams observed by the factor. Example: 


Male, age 20 years 

Normal hemoglobin: 16.8 gms. per 100 ml. 

100 divided by 16.8 = 5.95 the factor 
Hemoglobin determination: 14.3 gms. per 100 ml. 
14.3 K 5.95 = 84 per cent hemoglobin 


5. For general purposes grams of hemoglobin per 100 ml. of blood may be con- 
verted into percentage by multiplying the number of grams by 6. 
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6. Normal ranges may be taken as follows (grams per 100 ml. of blood): 


AGE MINIMUM MAXIMUM 
istoeis days 17 DSS 
14 to 60 days 11 18 
3 to 5 months 10 UB) 
6 months to 3 years 9 14 
4 to 15 years 10 14 
Adults—Females 12 16 
Males 14 NG 


TABLE 4.—KINDS OF NORMAL LEUKOCYTES. 


ADULTS CHILDREN + 
Per Cent * Absolute * Per Cent * Absolute * 


Neutrophils 60-70 3000-7000 40-65 2000-8000 


Eosinophils 1-4 50-400 1-5 25-700 


Basophils 0-0.5 0-50 0-0.5 0-75 


Lymphocytes 20-30 1000-3000 30-60 2500-9000 


Monocytes 2-6 100-600 0.5-7 25-700 


* Per cent and absolute numbers per c.mm. are based on normal total counts of 5,000 to 10,000 
for adults, and 5,000 to 15,000 for children. 

j These ranges are for children between 3 months and 15 years of age. The higher counts in 
children are due chiefly to lymphocytes which are high in the very young and gradually decrease 
until counts approximate those of adults sometime between 10 and 15 years of age. 


Haden-Hausser Method. This method is recommended for routine use because of 
its simplicity and accuracy. An inexpensive clinical model of the hemoglobinometer 
is suitable for clinical work (Fig. 40). A larger and more expensive laboratory model 
with a special lighting arrangement is also available. Hemoglobin is converted into acid 
hematin and the color compared with a permanent color scale of tinted glass as follows: 

1. Draw blood into a leukocyte pipet to the 0.5 mark and decinormal hydrochloric 
acid to the 11 mark, giving a 1:20 dilution. If the hemoglobin is low, use a 1:10 dilution 
(blood up to 1.0 mark) and divide the final reading by 2. 

2. Allow the pipet to stand about 30 minutes for the conversion of hemoglobin into 
acid hematin. 

3. Assemble the comparator slide and coverglass by applying the coverglass with 
beveled side down and with the lower and left edges in contact with the metal frame. 
Place in the comparator. 

4. Mix the pipet thoroughly and discard | or 2 drops. 

5. Run the solution into the wedge-shaped dilution channel of the comparator 
which fills by capillary attraction. 

6. Compare with the standard through fenestrae (in lower half of slide) in the 
frame which holds the cell and standard. Move the comparator through the field of the 
reading microscope and match the colors. On the scale there is a total range of from 
7.5 to 19 grams of hemoglobin per 100 ml. of blood. 
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Fig. 40. Clinical model of the Haden-Hausser hemoglobinometer. 
A, movable carrier; B, comparator slide; C, coverglass; D, reading microscope; E, wedge-shaped 
channel; F, shutter. 


Colorimeter Method. This is an accurate method first introduced for routine work 
by Sanford, Sheard and Osterberg (Am. J. Clin. Path., 1933, 3:405). There are now 
several instruments available. These instruments may be used for many other deter- 
minations in addition to hemoglobin. There is no attempt to match colors; therefore, 
subjective errors are avoided. With the Klett-Summerson colorimeter (test tube model) 
the technic is as follows: 

1. Place 5.0 ml. of N/10 hydrochloric acid in a colorimeter tube. 

2. Collect 0.02 ml. of blood in a pipet calibrated to contain that amount. 

3. Remove excess blood from the outside of the pipet and then deliver the blood 
into the hydrochloric acid solution in the colorimeter tube. Rinse out the pipet by 
repeatedly drawing up and blowing back portions of the liquid in the tube, mixing the 
contents of the tube well with the tip of the pipet at the same time. 

4. Remove pipet and allow tube to stand at room temperature for at least 30 
minutes, to permit maximum color development. 

5. Read in the colorimeter against distilled water 0. 

6. Reading of unknown * hemoglobin factor = gm. per cent hemoglobin. 

7. The factor is obtained from the scale reading for a blood with known hemo- 
globin content. Procure a sample of fresh blood and determine its hemoglobin content 
by oxygen capacity, carbon monoxide capacity, or by the Wong methods. Run a 
colorimetric determination as just described on duplicate or triplicate 0.02 ml. portions 
of the blood. 

From the hemoglobin content and the scale readings (averaged) the calibration 
factor is determined as follows: 


gm. per cent hemoglobin in blood 


average scale reading — hemoglobin factor. 

8. In place of N/10 hydrochloric acid, 0.1 per cent solution of sodium carbonate 
or 0.4 per cent solution of ammonium hydroxide may be employed. The use of alkali- 
hematin solutions is preferred in many laboratories. 

Sanford, Sheard and Osterberg Method. This is an accurate method and widely 
used for clinical purposes. 
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1. Dilute 0.1 ml. of blood in 20 ml. of 0.1 per cent solution of sodium carbonate, 
thus making a 1:200 solution of oxyhemoglobin. This is most conveniently and ac- 
curately done by making the dilutions from a sample of blood immediately after it 
has been obtained by venipuncture. 

2. The photelometer has a green glass filter in front of the photronic type of photo- 
electric cell. This filter transmits light in its maximal intensity at that portion of the 
spectrum where the maximal absorption occurs in one of the oxyhemoglobin bands. 
The light intensity through a standard spectroscopic cell, which is filled with 0.1 per 
cent sodium carbonate, is first adjusted with an iris diaphragm so that the reading on 
the meter is 100. 

3. The specimen of diluted blood is placed in a similar spectroscopic cell, is then 
moved into the path of light in the carrier, and the reading is made on the meter 
(Fig. 41). 


Fig. 41. The Cenco-Sheard-Sanford photelometer. 


4. This lower reading really represents the decrease in current from the photronic 
cell which is the result of the light absorption of oxyhemoglobin in the green portion 
of the spectrum. This reading is translated directly into a value for grams of hemo- 
globin per 100 ml. of blood by referring to a chart which is prepared individually for 
each instrument by the manufacturer, based on oxygen-capacity determinations. 

This photelometer has proven very satisfactory, especially in laboratories in which 
a large number of routine determinations are made. Its only disadvantage is the cost, 
which is somewhat more than a colorimeter. However, the instrument may be used as 
a colorimeter or a nephelometer; in fact there are many uses for it other than as a 
hemoglobinometer. | 

Sahli Method. This method involves the conversion of hemoglobin to acid hematin. 
The graduated tube of the instrument should be standardized before use. ils may be 
accomplished by using it in tests on several blood samples whose pamoslonie values 
have been determined on other standardized instruments. The hemoglobin values 
obtained with the new tube are related to those obtained with the standardized equip. 
ment. From this data, therefore, it is possible to calculate the number of grams per cent 
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of hemoglobin equivalent to 100 per cent on the scale in question. The figure obtained 
should be multiplied by the percentage reading, expressed as a decimal, in calculating 
the gram value of hemoglobin for any blood tested. With a standardized Sahli 
hemometer, the method is as follows: 

1. Fill the graduated tube of the hemometer with decinormal solution of hydro- 
chloric acid to the mark 10 (Fig. 42). 

2. After cleaning finger tip or lobe of ear with 
alcohol, make a puncture with lancet and gently com- 
press (the blood should flow freely); wipe off first 
drop, then fill pipet to the mark 20 with blood. 

3. Immediately place the blood in the graduated 
tube containing the hydrochloric acid solution. Re- 
move the last trace of blood by drawing the solution 
up in the pipet and expelling several times. Allow to 
stand for 10 minutes or longer for the formation of 
acid hematin. 

4. Dilute the mixture in the graduated tube with 
distilled water until it has the same tint and intensity 
of color as the standard tube. This is done best by 
adding a few drops at a time and comparing after each 
addition. 

5. When both tubes are of the same color, note the percentage figures on the tube 
at the level of the bottom of the meniscus. 

6. Convert to grams hemoglobin per 100 ml. blood as described previously. Ex- 


Fig. 42. The Sahli hemometer. 


ample: 13.5 gm. is equivalent to the 100 per cent reading on the instrument scale. The 
blood being tested matches the color standard after dilution to the 110 per cent mark. 
Thus 1.1 & 13.5 gm. = 14.85 gm. hemoglobin per 100 ml. blood. 


METHOD FOR COUNTING ERYTHROCYTES 

Principles. 1. Blood is diluted exactly 1:200 with a special pipet, using an isotonic 
diluting fluid for the preservation of the corpuscles. The diluted blood is then placed 
in a special counting chamber and the cells in a measured volume are counted. This 
figure is multiplied by the appropriate factor to obtain the number of erythrocytes 
in 1 c.mm. of undiluted blood. This procedure constitutes the method used to report 
the results of the erythrocyte count. 

2. Leukocytes are likewise present and may be distinguished from erythrocytes, 
but as a general rule they are included in the count; the number present, however, is 
ordinarily so small that the inaccuracy is of little or no importance. 

3. A pathological decrease is called anemia; an increase is called polycythemia. 

Procedure. 1. Draw blood up exactly to the 0.5 mark of the Thoma pipet marked 
101 (Fig. 43). If the Trenner automatic pipet is used, draw blood by suction until 
the stem is nearly full and then discontinue suction and allow the blood to automatically 
reach the extremity. The operator’s hand is steadied by touching a finger against the 
finger of the patient. 

2. Immediately draw up diluting fluid to the mark 101, thus making a dilution 
of 1:200 in either pipet, while rotating the pipet between the thumb and forefinger 
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(Fig. 44). The pipet is held so that the marks are plainly visible to the eye. Use 
0.85 per cent saline solution or preferably one of the following: 


HAYEM’S DILUTING FLUID 


Wiaten™ (distilled) maaeess seen eee: 200.0 ml. 
Sorohnbran CavorarslS Cj; . 5.2 poke oaa sare ose 1.0 gm. 
Soqiumesulita tem (ckystallS)) sna enne 5.0 gm. 
Mercuric chloride . ites A Sh ool (2 SR 0.5 gm. 


Carbolfuchsin to give pink color 


BETHELL S$ DILUTING FLUID 


Srxahibiiey tulle (ems) ac hs 5.0 gm. 
Sodiumierch! onideyc:p sen ene ae 1.0 gm. 
Glycerin .. RRO a bee eee ae oe 20.0 ml. 
Sods mertuniolatew il OOOSSOls na aEwaenarne 2.0) mil. 
ING Kol CHSOBIELY WANS WO) oe oo ge Me co 3 200.0 ml. 


TOISSON’S DILUTING FLUID 


INeutralé glycerine) seis eek iceare re 20.0 ml. 
Weer AGONY) 2s sce obo aeiccdcasans- 160.0 ml. 
SOdimesttiiate a(ChY.StalS) lean aes ane nee 8.0 gm. 
SOCTUMIEGH] OF CCRC: aie eee 1.0 gm. 
Methy! violet TRE  eaey 0.025 gm. 


3. The diluting fluid should be crystal clear and filtered, if necessary, to be free 
of sediment. 

4. If the pipet is to be carried any considerable distance to the laboratory, 
stretch a broad rubber band over the ends or use one of the special closing devices 
(Fig. 45) to prevent the contents from escaping. 


oh. PATENTED C_)) 


Fig. 45. The Drummond pipet holder. 


5. The ruled area of the counting chamber and the coverglass must be carefully 
cleaned and absolutely free from dust or lint. 

6. Place the coverglass in position over the ruled area, using gentle pressure to 
insure accurate adjustment. The Levy-Hausser chamber is provided with a pair of 
clips to prevent any movement during the count. While continuing pressure on the 
coverglass, slide the centrally placed clip into position simultaneously. 

7. Close the tip of the pipet by means of the thumb. Sharply kink the rubber 
tubing over the other end and place the second finger over the kinked tubing. Trenner 
pipets are more fragile than the Thoma pipets and when filling, cleaning or attaching 
rubber tubing, the capillary stem should be held between the thumb and forefinger to 
avoid strain on the bulb. Rotate the pipet well for about a minute, holding in a 
horizontal position, and finally shake sidewise. 
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8. Expel the fluid from the stem of the pipet and without loss of time touch a 
drop to the end of the polished surface bearing the ruling, allowing the drop to flow 
under the coverglass (Fig. 46). The suspension should not flow into the moats on 
either side, nor should any bubbles form under the coverglass. 

9. Allow about 3 minutes for the corpuscles to settle. 

10. Examine with 4 or 16 millimeter objective. Center the light and reduce its 
volume by lowering the condenser and partially closing the diaphragm. 

11. Locate the finding line which leads to the ruled-off area. Carefully avoid 
touching the coverglass with the lens, as this would disturb the corpuscles and lead 
to error in the count. 
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Fig. 46. Method for filling counting chamber by capillary attrac..on. 
(From Kolmer, Clinical Diagnosis by Laboratory Examinations, 2nd. ed. Courtesy of Appleton- 
Century-Crofts, Inc.) 


12. When correctly focused, the corpuscles are sharply defined and the rulings 
appear as well-defined black lines (Fig. 47). When incorrectly focused, the ruled 
furrows appear as white lines and the corpuscles, which lie above the plane of the 
ruled surface, are out of focus (Fig. 48). 

If, however, the Spencer Lens Company “bright light” counting chamber is em- 
ployed the lines will appear bright or white when in focus. 

13. The counting slide will be found to have a number of small squares marked 
upon it. The size of these small squares is 0.05 millimeter by 0.05 millimeter or 
0.0025 sq.mm. When the cover slip is in place there is a chamber formed measuring 
0.1 millimeter in depth. Therefore, the small squares correspond to volumes of 0.00025 
c.mm. (0.05 X 0.05 X 0.1 millimeter = 0.00025 c.mm.). 
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14. Count the number of erythrocytes in 80 small squares. It will be noted that the 
small squares are separated into groups of 16. Five of these groups, therefore, contain 
80 small squares (Fig. 49). Do not count those cells touching the lower and right- 
hand lines, but include all touching the upper and left-hand lines. 

15. Divide the number of cells found in 80 small squares by 80, thus determining 
the average number per small square or in 0.00025 c.mm. 

16. Multiply the average number of cells per 0.00025 c.mm. by 4000 to determine 
the number of cells in 1 c.mm. of diluted blood, and by 200 to determine the number 
in 1 cmm. of undiluted blood. 

17. Therefore in routine work count the number of cells in 80 small squares and 
add four ciphers. 


Fig. 47. Correct focusing. Fig. 48. Incorrect focusing. 


Sources of Error. The following constitute some of the common sources of error 
in erythrocyte counts: (a) inaccurate dilution due to faulty pipets or technic (b) too 
slow manipulation, allowing some of the blood to coagulate (c) inaccuracy in the 
counting chamber and especially its depth due to an inaccurate coverglass of faulty 
manufacture (d) presence of yeasts or other artefacts in the diluting fluid (e) delay 
in filling the counting chamber after shaking pipets (f) improper filling of the count- 
ing chamber with too large or too small a drop (g) not allowing sufficient time for the 
cells to settle before counting. 

It is important to keep these possible sources of error in mind since they can be 
avoided or minimized. In addition it should be recognized that a considerable source of 
error is inherent in the method itself. In this connection it has been found that the 
Poisson law, which deals with the chance distribution of small objects scattered at 
random over an area, is applicable to blood cell counts. Berkson and his associates have 
carefully studied erythrocyte and leukocyte counts, taking into consideration both the 
“error of the chamber” and the “error of the pipet.” From appropriate data the per- 
centage error due to the law of probabilities was derived. For example, for a count of 
5,000,000 erythrocytes per c.mm. obtained from a single specimen sample counted in 
80 small squares, the coefficient of variation in percentage is 7.8 per cent. Following 
the usual practice of taking 2 times the standard error as significant limits, such a 
count is, therefore, determined significantly within + 16 per cent. About 95 per cent 
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of all counts performed on this blood specimen would fall within these limits, while 
5 per cent of random counts would fall outside them. 

Applying the same statistical procedures it was found that for a leukocyte count of 
7,000 per c.mm. obtained by counting 4 sq.mm., the coefficient of variation was 10.7 
per cent, and the count was determined significantly within ++ 21 per cent. 
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Fig. 49. Counting of erythrocytes and leukocytes (improved Neubauer chamber). 

The numbers E1, E2, E3, E4 and ES indicate five large squares (80 small squares) for counting 
erythrocytes; Li, L2, L3 and L4 indicate the parts of the slide used in counting leukocytes. (From 
Kolmer, Clinical Diagnosis by Laboratory Examinations, 2nd. ed. Courtesy of Appleton-Century- 
Crofts, Inc.) 


It is apparent, therefore, that wide variations may occur in successive counts, even 
if the counting is done precisely and accurately. Consequently the need for care in 
avoiding the introduction of additional factors, which would extend the range of 
probable error, cannot be over-emphasized. 


METHODS FOR DETERMINING THE VOLUME OF 
PACKED: ERY IROC YITES 


Principles. 1. The determination of the volume of packed erythrocytes in a given 
amount of blood is a valuable procedure in the diagnosis and differential diagnosis of 
the anemias. It is of aid in determining the type and degree of anemia. In conjunction 
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with an erythrocyte count, changes in the size of erythrocytes may be detected. Con- 
sequently, the examination should be made in all cases of anemia. 

2. Various hematocrits have been employed for the determination. Those of Win- 
trobe and Haden (employing the Sanford-Magath tube) also furnish information of 
value on alterations in the quantities of leukocytes and platelets as well as the color 
and opacity of the blood plasma. 

3. The volume of packed erythrocytes in 100 ml. of blood is normally as follows: 


Tn PATUS tok hae ok ae ee 49 to 60 ml. 
Childreney<o.608 Yih eee AAOmoD ems 
Men . oe PL LR ee ene ee eee 41 to 52 ml. 
WOMEN. Vl edaoee ee 38 to 46 ml. 


4. From the erythrocyte count, hemoglobin estimation and cell volume, the mean 
corpuscular hemoglobin, mean corpuscular volume and other indices may be deter- 
mined. 

Wintrobe Method. 1. The hematocrit is a flat-bottomed narrow glass tube 11 cm. 
in length, of about 2.5 to 3 mm. inside diameter (Plate I). A centimeter-millimeter 
scale, commencing at the level of the inside bottom, is etched on the glass. 

2. Prepare a solution containing 0.8 gm. of potassium oxalate and 1.2 gm. of 
ammonium oxalate in 100 ml. of distilled water. Place exactly 0.5 ml. in test tubes, 
evaporate off the water and thoroughly dry before using. This mixture of oxalates does 
not change the volume of erythrocytes, so that no correction of the final reading is 
necessary. 

3. Place 5 ml. of venous blood in one of these oxalate test tubes. Mix gently, but 
thoroughly. 

4. Fill the Wintrobe hematocrit tube exactly to the 10 mark at the right side of the 
scale by means of a pipet made from glass tubing drawn out to such length that it can 
be passed to the bottom of the tube. Avoid forming bubbles of air. 

5. Close the tube by means of a rubber stopper to prevent evaporation and centri- 
fuge long enough for complete packing of the cells, usually for 30 minutes at about 
3000 r.p.m. 

6. The level of the packed erythrocytes multiplied by 10 gives the volume per 100 
ml. of blood. The cell volume in per cent may be determined by dividing the height of 
the column of packed erythrocytes by the total height of the column of cells and plasma 
and multiplying by 100. 

7. Above the deep red layer of packed erythrocytes is a reddish-gray layer of 
packed leukocytes and platelets. In normal blood this varies from 0.5 to 1 mm. in 
thickness, each 0.1 mm. corresponding approximately to 1000 leukocytes per c.mm. 
The thickness of this layer depends on the number of leukocytes, the kind of leuko- 
cytes, and the quantity of platelets. At the top of the erythrocyte column, just under 
the layer of leukocytes and platelets, a black line may be observed. According to Baum- 
berger, this represents a layer of erythrocytes in which the oxyhemoglobin has been 
reduced to hemoglobin by the metabolic activity of the leukocytes. 

8. The color and opacity of the plasma should be observed and recorded. 

9. After use, the tube should be thoroughly washed with water followed by alcohol 
and ether, and thoroughly dried. From time to time it may need to be cleaned with 
antiformin to remove a thin film of coagulated protein which may accumulate on the 
glass. 
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The appearance of centrifugalized blood in various conditions. 


Oxalated venous blood was placed in hematocrit tubes and centrifugalized at 3000 revolutions 


per minute for one-half hour. A, normal blooc 
posthemorrhagic anemia. The blood plasma 
leukemia. There is a thick layer of white cor 
nicious anemia. Note the small amount of pa 
and platelets, and the coloring of the blood 


B, simple anemia due to chronic infection. C, chronic 
is very pale. D, chronic myelocytic (granulocytic) 
duscles and platelets above the red corpuscles. /, per- 
ced red corpuscles, the very narrow layer of leukocytes 
plasma due to increased bilirubinemia. F, infectious 


hepatitis and slight anemia. In this case the coloring of the blood plasma is due to biliary obstruction 
rather than to increased blood destruction. (From Wintrobe, Tice’s Practice of Medicine. Courtesy of 


W. F. Prior Company.) 


62 METHODS FOR THE EXAMINATION OF THE BLOOD 


Haden Method (Modified). 1. In a Sanford-Magath hematocrit tube (Fig. 50) 
place 1 ml. of a 1.1 per cent solution of sodium oxalate in distilled water. 

2. Add exactly 5 ml. of venous blood at the bedside, that is, up to the 6 ml. mark. 
Mix by inverting once or twice. 

3. Centrifuge for 20 minutes at about 3000 r.p.m. or until packing of the cells has 
occurred. 

4. With normal blood the reading is about 2.4 ml. Multiply by 20 to obtain the 
red corpuscle volume per 100 ml. of blood. 

5. If less than 5 ml. of blood has been used, divide the reading of packed cells by 
the number of milliliters of blood used and multiply by 100, as per the following 
example: 


1.6 ml. packed erythrocytes 


Ocal SGOnCeced = 0.4 X 100 = 40 (red cell volume per 100 ml.) 


Van Allen Method. This method has the advantage of using capillary blood and 
is especially useful in the case of children. 

1. Prick the finger and discard the first drop or two of blood. Collect a large drop. 

2. Accurately draw blood up in a 
Van Allen hematocrit tube (Fig. 51) 
to the mark 10. 

3. Draw the blood up the stem a 
short distance and then draw the 
diluting fluid (1.6 per cent solution 
of sodium oxalate in distilled water) 
into the bulb until it is about half 
Fig. 50. The San- full. 

ford-Magath 4. Close the tube by means of a 
hematocrit 

Ria. broad strong rubber band or the 

special spring sealing tip (Fig. 52) 

and centrifuge (shaft end down) at about 2500 r.p.m. 


Ee 


tiie fidae fyi, 


or more, for 15 to 30 minutes. Fig. 51. The Fig. 52. 
5. The height of the column of packed erythrocytes —-Yan Allen Spring seal- 
hematocrit ing clip. 


represents the relative volume of the blood made up 
by these cells. No correction for dilution is necessary. 
The stem of the tube is divided into 10 units of 10 divisions each. Each division repre- 
sents 1 per cent. 


tube. 


METHOD FOR DETERMINING THE MEAN CORPUSCULAR VOLUME 


Principle. The mean or average size of the individual erythrocyte in cubic microns 
may be calculated from the volume and the number of erythrocytes in a given quantity 
of blood. Jt 7s recommended for routine use in the place of the volume index, as it does 
not involve the use of any normal figures in its calculation and has the same clinical 
value. If the cells are larger than normal, the condition is called macrocytosis, and if 
associated with anemia, macrocytic anemia. If smaller than normal, the condition is 
called microcytosis and if associated with anemia, microcytic anemia. If the cells are 
normal in size, they are called normocytic, and if associated with anemia, normocytic 
anemia. 
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Procedure. 1. Determine the volume of packed cells per 100 ml. of blood. 

2. Make an erythrocyte count or, preferably, take the average of two or more 
counts on the same specimen. 

3. Divide the number of ml. of packed cells per 100 ml. of blood by the number 
of millions of erythrocytes per c.mm. and multiply by 10. 


volume of packed cells 

per 100 ml. of blood x 19 = mean corpuscular volume 
erythrocytes in millions in cubic microns. 

per cubic millimeter 


Example: Volume of packed cells = 31 ml. 
Erythrocyte count = 2,400,000. 


31 
34% 10 = 91 cubic microns (M.C.V.) 

4. The normal values: 105 at birth falling rapidly to childhood level 87 to 73; 
adults 82 to 96. 


METHOD FOR DETERMINING THE MEAN CORPUSCULAR 
HEMOGLOBIN 


Principle. The mean or average amount of hemoglobin by weight per cell is 
calculated and expressed in micromicrograms. Jt is recommended for routine use in the 
place of the color index as it does not involve the use of any normal figures in its 
calculation and has the same clinical value. 

In macrocytic erythrocytes, the amount of hemoglobin may be greater than normal. 
The increase in hemoglobin parallels the increase in cell size and does not reflect super- 
saturation with hemoglobin. Thus, the terms hyperchromic and hyperchromic anemia 
should not be employed. If the amount of hemoglobin per cell is less than normal, how- 
ever, it is hypochromic, and if associated with anemia, hypochromic anemia. Ii the 
amount is within normal range, then the term is “ormochromic, and an associated 
anemia would be normochromic anemia. 

Procedure. 1. Determine the hemoglobin in grams per 100 ml. of blood. 

2. Make a total erythrocyte count or, preferably, take the average of two or more 
counts on the same specimen. 

3. Divide the number of grams per 100 ml. of blood by the number of millions of 
erythrocytes per c.mm. and multiply by 10. 


__ mean corpuscular hemo- 


hemoglobin in grams per 100 ml. 
10 globin in micromicrograms. 


erythrocytes in millions per c.mm. 


Example: 12.0 gms. hemoglobin per 100 ml. of blood. 
4,200,000 erythrocytes per c.mm. 


ss xX 10 = 28.6 micromicrograms (M.C.H.) 
4. The normal values: infants 40 at birth falling rapidly to childhood level 33 to 
27; adults 29 to 32. 
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METHOD FOR DETERMINING THE MEAN CORPUSCULAR 
HEMOGLOBIN CONCENTRATION 


Principle. This is the mean or average hemoglobin concentration in gm. per 100 
ml. of packed erythrocytes. It is calculated by dividing the hemoglobin in grams per 
100 ml. of blood by the volume of packed erythrocytes in ml. per 100 ml. of blood and 
multiplying by 100. Jt has the same clinical value as the saturation index and 1s recom- 
mended as a substitute for it. 

Procedure. 1. Determine the hemoglobin in grams per 100 ml. of blood. 

2. Determine the volume of packed cells in ml. per 100 ml. of blood. 

3. Divide the grams of hemoglobin per 100 ml. of blood by the number of ml. of 
packed cells per 100 ml. of blood and multiply by 100. 

hemoglobin in grams 
per 100 ml. of blood 


volume of packed cells in ml. 
per 100 ml. of blood 


x 100 — mean corpuscular hemo- 
globin concentration. 


Example: 15.6 gm. hemoglobin per 100 ml. 
45 ml. packed erythrocytes per 100 ml. 


15.6 
—— X 100 = 35 gm. per 100 ml. of packed cells. 


ze (M.C.H.C.) 
4. Normal ranges: infants about 45 at birth falling rapidly to childhood level 41 
to 34; adults 30 to 36. 
5. The corpuscular constants are readily calculated in this manner. They may also 
be read off directly from the normographic alignment chart shown in Fig. 53. 


METHODS FOR DETERMINING THE VOLUME INDEX, COLOR INDEX 
AND SATURATION INDEX 


i, These indices express the following ratios: 


mean corpuscular volume—patient 
mean corpuscular volume—normal 


Volume index = 


per cent of normal hemoglobin concentration 
per cent of normal erythrocyte count 


Color index = 


mean corpuscular hemoglobin concentration—patient 
mean corpuscular hemoglobin concentration—normal 


Saturation index = 


2. Each of these ratios involves accepting normal values for comparison with the 
findings in the patient. Different normal values have been used by different workers. 
Sometimes normal values for the same age and sex have been employed. Sometimes a 
single normal value has been taken and used for both sexes at any age. Sometimes 
values have been taken in round numbers to facilitate calculation. Jt follows that no 
interpretation can be given to these indices unless the author has defined his method 
of calculating the index. 

3, Since the calculation oi the values of the mean corpuscular volume, hemoglobin 
and hemoglobin concentration do not require the use of normal figures and have the 
same clinical value, it is recommended that the mean corpuscular volume be used in 
place of the volume index; the mean corpuscular hemoglobin in the place of the color 
index ; and the mean corpuscular hemoglobin concentration in place of the saturation 
index. 


Hematocrit Hemoglobin 


(in millions/mm?3) (in cc/100 cc) (in grams/100 cc) 
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Fig. 53. Normographic alignment chart for reading of corpuscular constants. (Prepared by Dr. Robert 
E. Mason.) 


For mean corpuscular volume (MCV) join the value for red cell count and volume of packed 
cells (hematocrit) by means of a ruler, preferably a transparent one. (A very satisfactory one is 
prepared by scratching a straight line on a strip of clear x-ray film and filling it in with ink.) The 
reading is made where the line intersects MCV. Similarly where a line joining Rbc and Hemoglobin 
intersects MCH the reading for mean corpuscular hemoglobin concentration is made. Note that the 
left side of the Hemoglobin scale is used for MCH, the right side for MCC. (From Wintrobe, 
Clinical Hematology, 2nd ed. Courtesy of Lea and Febiger Company.) 
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METHOD FOR DETERMINING BLOOD AND PLASMA VOLUMES 


Principles. 1. Blood volume may be determined by measuring either the volume of 
circulating red cells or the volume of circulating plasma. The total blood volume is then 
calculated from the ratio of red cells to plasma as shown by the hematocrit. Red cell 
volume may be measured by “tagging” red cells with radioactive iron, phosphorus, or 
chromium. These tagged red cells are then injected into the subject and their dilution 
by the subject’s erythrocytes measured. Plasma volume may be measured by injecting 
into the blood stream any substance which is impermeable to capillary walls and 
measuring the dilution of that substance by the plasma. For the latter type of deter- 
mination the azo dye, Evan’s Blue (T-1824), is most frequently used. It is nontoxic, 
diffuses, is removed relatively slowly from the blood stream, and is easy to determine 
colorimetrically. 


Fig. 54. Method of injecting Evan's blue dye, T-1824, through rubber tubing into a vein. 
(Courtesy of Dr. Joan H. Long.) 


When injected intravenously T-1824 combines immediately and almost completely 
with plasma albumin. In all probability the method using this dye is a measure of the 
volume of the “albumin space” which is slightly larger than the plasma volume. 

2. In any given individual the plasma volume in the basal state remains relatively 
constant. It varies markedly with changes in body position, exercise, and digestion. 
Using T-1824 with the subject in the basal state Gibson and Evans have been able to 
duplicate their determinations within 5 per cent. 

3. The dye T-1824 is nontoxic. Extravasation stains the tissues and causes pain, 
but no inflammatory reaction has been observed. Dye injected intravenously stains the 
lesions of urticaria and existing angioneurotic edema. If a total of more than 10 ml. 
(50 mg.) is injected within a 3 month period, the patient’s skin may develop a bluish- 
gray discoloration which may last for several months. 

Procedure. 1. The patient should be in the post absorptive state (12 hour fast) and 
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should remain quietly in a supine position for at least 30 minutes before and during 
the test. 

2. Weigh a sterile 5 ml. syringe containing 3 to 4 ml. of a 0.5% solution of T-1824, 
prepared for intravenous use,* together with an attached sterile hypodermic needle. 
The weight should be accurate within 5 mg. Gregersen advises the use of a volumetri- 
cally calibrated syringe. 

3. Without stasis (i.e. with the tourniquet off, once the vein has been entered) 
withdraw 10 ml. of blood in a clean, dry syringe and place in an oxalated tube. Leave 
the needle in place. 

4. To the needle attach a glass adapter which is connected by a small piece of 
rubber tubing 2 to 3 inches in length to a 20 ml. syringe containing normal saline 
solution. The adapter, tubing, and syringe are prepared beforehand and sterilized. 

5. Puncture the rubber tubing with the hypodermic needle and inject the dye into 
the patient’s vein. Have an assistant slowly inject the saline at the same time (Fig. 54). 
When the injection is completed keep the hypodermic needle in place, maintain a firm 
pressure on the plunger of the dye syringe to prevent saline solution from diffusing 
back into it, and have the assistant complete the injection of the remainder of the 
saline solution. Note the time. If any dye is lost or injected extravascularly, the exami- 
nation should be discarded. 

6. Reweigh the dye syringe. 

7. Ten minutes after the injection withdraw 3 to 5 ml. of blood, again without 
stasis, into a clean, dry syringe, and place in an oxalated tube. The blood should be 
drawn from a vein other than the one into which the dye was injected, preferably a 
vein on the opposite arm. 

8. Mix the control blood thoroughly for 1 minute and use a portion for duplicate 
hematocrit determinations. 

9. Centrifuge the two specimens of blood. Pipet off the clear plasma from each 
specimen. 

10. Put 2 to 3 ml. of the control plasma in a photometer tube. Use this to set the 
Coleman Junior spectrophotometer at an optical density of 0 (100 per cent transmis- 
sion) at a wavelength of 620 wu. 

11. Place 2 to 3 ml. of the plasma from the 10 minute sample in a second photom- 
eter tube and read its optical density at the same setting. 

12. Prepare a standard and read its optical density as follows: 

(a) Dilute with distilled water in a 25 ml. volumetric flask 0.5 ml. of T-1824 of 
the same lot as used for the injection. 

(b) Add 0.2 ml. of this dilute dye solution to a photometer tube together with 1.8 
ml. of the control plasma. 

(c) To another photometer tube add 0.2 ml. of distilled water and 1.8 ml. of 
control plasma. 

(d) Use the mixture of distilled water and plasma to set the Coleman Junior 
spectrophotometer at an optical density of 0 at wave length 620 wu. 

(e) Read the optical density of the prepared dye standard at this setting. 

Calculations. 1. The weight of the syringe and dye in grams minus the weight of 


* This may be obtained from Wm. R. Warner and Co., Inc., New York, N. Y. 
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the empty syringe in grams equals the weight of the injected 0.5 per cent solution of 
T-1824. 
2. The weight of the injected solution in grams X 5 = weight of T-1824 in mg. 
3. mg. T-1824 injected < optical density of standard K 100 
optical density of the sample 
4, ml. plasma volume 
(1 — hematocrit) 
5. ml. blood volume — ml. plasma volume = ml. red cell volume 
6. Divide each of these volumes by the weight of the patient in kilograms. This 
will give the blood volume, the plasma volume, and the red cell volume respectively 


= ml. plasma volume 


= ml. blood volume 


in ml./kg. 
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Minutes After Injection 


Fig. 55. Example of disappearance curve of Evan's blue dye, T-1824. 

On semilogarithmic graph paper the optical density of the serum at wave length 620 pu is plotted 
against the time the blood samples were taken after the injection of T-1824. The straight line 
through the points is extended to zero time, and the optical density at that time is thus obtained 
The chart above shows the data graphed for one patient. The first blood sample was taken 10 
minutes after injection, with an optical density of 0.366. The second sample was taken 22 minutes after 
injection, with an optical density of 0.351. The third sample was taken 31 minutes after injection 
with an optical density of 0.347. The optical density at zero time on this chart is 0.378. (Courtesy 
of Dr. Joan H. Long.) 


Sources of Error. 1. Loss of more than 0.1 gm. of the 0.5 per cent solution of 
T-1824 during injection will cause errors of 5 to 10 per cent or more and, as previously 
stated, the determination should be discarded. 
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2. The dye-albumin combination disappears from the blood at a rate of 5 to 10 per 
cent an hour, varying in different individuals and in various states of health. Accurate 
determinations of plasma volume demand that this disappearance curve be established 
by collection of samples of blood at 10, 20, and 30 minute intervals after the injection 
of the dye. On semilogarithmic graph paper the log of the optical densities of the samples 
is plotted against the time the samples were taken. A straight line is drawn through the 
points and extended to zero time to obtain the optical density at that time (Fig. 55). 
For practical clinical purposes this need not be done. Plasma volumes calculated from 
the optical density of the 10 minute sample vary at the most only + 2.5 per cent from 
the volumes obtained by calculation from the optical density at “zero” time. 

3. Mixing time is complete in most cases in 10 minutes. However, in some cases, as 
in congestive heart failure, the mixing time is longer and a single 10 minute sample will 
lead to error. In these cases the disappearance curve should definitely be determined. 

4. The presence of lipemia or hemolysis in the samples of blood will lead to error 
in the spectrophotometer readings. The error from lipemia is usually negligible if the 
patient is fasting. Hemolysis introduces an error of 5 to 10 per cent and the determina- 
tion should be discarded. 

5. The hematocrit reading may be corrected for the small volume of plasma trapped 
among the red cells. Gregersen corrects this error by multiplying the hematocrit reading 
by 0.96. 

Normal Volumes. The normals using T-1824 according to different investigators 
are shown in Table 5. 


TABLE 5. NORMAL PLASMA, ERYTHROCYTE AND TOTAL BLOOD VOLUMES. 


Noth ae Plasma Vol. Erythrocytic Vol.| Total Blood Vol. 
BLnoes ml. /ke. ral./ke mal. /kg: 
Tennant and | males 41.9(5) 34.5(#4) 76.4(+8) 
others * females 40.2(=£4) PW EKCERY 68.1(+6) 
Gregersen ” AS O(a) 85.0(+8.9) 
Gibson and males 43.0. 34.6 Td 
Evans * females 41.5 24.6 66.1 


1 Yale Journal of Biology and Medicine, 1950, 22:735. 
2 Journal of Laboratory and Clinical Medicine, 1944, 29:1266. 
3 Journal of Clinical Investigation, 1937, 16:317. 


METHOD FOR COUNTING TOTAL LEUKOCYTES 


Principles. 1. Blood is accurately diluted 1:20 with a fluid producing complete 
hemolysis of erythrocytes, but without injuring the leukocytes. The corpuscles con- 
tained in 0.4 c.mm. of the diluted blood are then counted in a special chamber and this 
number multiplied by 50 to obtain the number in 1 c.mm. of undiluted blood. This 
constitutes the usual method. 

2. The normal number of leukocytes is usually stated to be from 5000 to 10,000 
per c.mm.; however, normal counts may be slightly lower or higher according to age, 
influence of digestion, time of day, and other little understood factors. There is a 
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greater normal fluctuation in the number of leukocytes than in the erythrocytes. In the 
morning the number is usually the lowest and gradually rises until evening, probably 
as a result of exercise. There may be as much as a 100 per cent increase, but still the 
count may fall within the normal range. It is therefore advisable to record the time of 
day a leukocyte count is made. A count made during the afternoon may be 2000 higher 
than one made in the morning. Such an increase may not be necessarily due to disease. 
Procedure. 1. Draw blood to the mark 0.5 of the Thoma pipet marked 11 or fill 
the stem of the Trenner pipet, as described in the method for counting erythrocytes. 
2. Draw up diluting fluid to mark 11, thus making a dilution ‘oye ILS HO). 


DILUTING FLUID FOR LEUKOCYTES 


A COtICE AGIC syne ek eee ae cre ee ae area 3 ml. 
Water, \ 25. Soak Pie eee ee eee 97 ml. 


Add a few drops of an aqueous solution of methylene blue to slightly color the fluid. 
Filter frequently to remove yeasts, molds and artefacts. N/10 hydrochloric acid may 
also be used as a diluent and after the leukocyte count has been made the remaining 
fluid may be used for determining the hemoglobin by the Haden method. 

3. Rotate the pipet well for several minutes, holding it in a horizontal position; 
finally shake sideways. 

4. Blow out several drops. 

5. Fill the counting chamber in exactly the same manner as described for the 
counting of erythrocytes. 

6. Allow about 3 minutes for the cells to settle. 

7. Center the light and focus exactly as described for the erythrocyte count. 

8. Examine with a low power objective to see that the cells are evenly distributed. 
Count with the 16-mm. objective and a medium ocular which will include a square 
millimeter in the field. 

9. If the improved Neubauer counting chamber is used, count the cells in the four 
corner blocks, L,, L., L,; and L, shown in Figure 49. Each of these 4 square millimeter 
areas is subdivided into 16 squares to facilitate counting. In counting the cells include 
those touching the inner lines on the right and top, but omit those touching the lines on 
the left and bottom. The difference between the largest and smallest number of leuko- 
cytes in any two blocks should not exceed 10. To obtain the total leukocytes per c.mm. 
of undiluted blood, multiply the total by 50, or divide the count by 2, and add 2 ciphers. 
This should be repeated upon a second and a third slide and the average taken. 

10. If some other rulings are used, count the leukocytes in several square millimeter 
areas. Find the average, multiply by 10 to find the number in 1 c.mm. of diluted blood, 
and by 20 (the dilution). Or, multiply the average by 200. 

11. In cases of very low leukocyte counts use the Thoma pipet. Draw blood to the 
1 mark and diluting fluid to the 11 mark, which gives a 1:10 dilution. Count the cells 
in four sq.mm. areas (L,, L., L, and L, of Fig. 49) and multiply by 100 to give the 
total per c.mm. of undiluted blood. Since such counts are only approximately accurate, 
it is advisable to use the Levy counting chamber with the Fuchs-Rosenthal ruling as 
employed for counting leukocytes in spinal fluid. It is divided into 16 large squares of 
0.2 c.mm. each with the coverglass adjusted. Count the leukocytes in 5 of the squares 
and multiply by 10 (the dilution factor). 
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12. In cases of very high leukocyte counts (40,000 or above) it is advisable to use 
a red corpuscle pipet. Draw blood to the 1 mark and the acetic acid diluting fluid to 
the 101 mark, which gives a 1:100 dilution. Count the leukocytes in 4 squares (L,, La, 
L; and L, of Fig. 49) divide by 4 and multiply by 1000. If the count is as high as 
100,000 or more, use the red corpuscle pipet with blood drawn to the 0.5 mark and the 
acetic acid diluting fluid to the 101 mark, which gives a 1:200 dilution. Count the 
leukocytes in 4 squares (Li, L., L; and L, of Figure 49), divide by 4 and multiply 
by 2000. 

Sources of Error. The same factors which give rise to error in counting erythro- 
cytes (see page 58) also apply to leukocyte counts. In addition, another source of 
error is mistaking the nuclei of immature red blood corpuscles for leukocytes since 
the nuclei of these red cells are not dissolved by the acetic acid of the diluting fluid. 
This is especially important in erythroblastosis fetalis and Cooley’s anemia in which 
large numbers of nucleated erythrocytes occur. Consequently, whenever stained 
blood films show the presence of large numbers of these cells, it is necessary to correct 
the total leukocyte count as in the following example: 


Uncorrected total leukocyte count: 35,500 c.mm. (including 
leukocytes and nuclei of erythrocytes) 

110 nucleated erythrocytes per 100 leukocytes in differential 
count of a stained blood film 

SD OOS 26 34 AAO) 3 ACO) 

210X = 3,550,000 

3,550,000 


AV ee 16,904 corrected total leukocyte count. 
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Recent developments in the field of endocrinology have brought increased interest 
in the eosinophil. Injections of appropriate amounts of adrenocorticotropic hormone or 
of cortisone, for example, usually cause a profound decrease in the number of circulat- 
ing eosinophils. The eosinophil count is thereby of value in connection with the admin- 
istration of these hormones. It is likewise helpful as a test of the capacity of the adrenal 
cortex to respond to appropriate stimuli. 

1. The method of Randolph (J. Immunol., 1944, 15:89) is recommended. Two 
stock solutions are prepared and placed in dropper bottles. Solution No. 1 consists of 
0.1 per cent methylene blue in propylene glycol. Solution No. 2 is a 0.1 per cent solution 
of phloxine in propylene glycol. For use dilute each with an equal volume of distilled 
water. To obtain the final stain, mix an equal number of drops of the two diluted 
solutions. The stain mixture remains usable for approximately 4 hours. 

2. Use the final mixture on freshly drawn oxalated blood in the same manner as 
the diluting fluid for leukocytes. About 15 minutes are required to obtain maximum 
staining of the eosinophils. Counts are made in the standard counting chamber after 
allowing the cells to settle for about 5 minutes. 

3. The eosinophilic granules stain red and stand out in contrast to the green color 
of the nuclear elements. The eosinophils in all 9 large squares are counted, and the total 
is multiplied by 22.2 to obtain the eosinophil count per c.mm. of blood. 

4. This method is relatively accurate, but is said to have an inherent error of 


about 18 per cent. 
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METHODS FOR PREPARING AND STAINING BLOOD SMEARS 


Principles. 1. An examination of the erythrocytes and different kinds of leukocytes 
possesses a great deal of diagnostic value. For this purpose stained preparations are 
superior to unstained or wet preparations. 

2. The blood must be prepared in thin, evenly distributed smears on slides or cover- 
glasses. Well prepared smears are absolutely essential for accurate results. For routine 
work a variety of staining methods are available. Preference should be given the poly- 
chrome stains, that is, those capable of staining the neutral, acid and basic granules of 
leukocytes. Poorly prepared and faultily stained smears cannot give results of accept- 
able accuracy. 

Method of Preparing Smears on Slides. 1. Perfectly clean grease-free slides are 
recommended. New slides should be washed in soap and water, rinsed with tap water, 
placed in 95 per cent alcohol for 15 minutes and dried with a piece of lint-free towel. 
Used slides may be prepared by removing the immersion oil with xylol followed by 
boiling in a very weak soap powder solution, thoroughly rinsing in tap water, immers- 
ing in a 1:1000 solution of nitric acid overnight, thoroughly rinsing in running tap 
water, and drying with a piece of lint-free towel. 

2. Cleanse a finger or lobe of the ear and prick as previously described for the 
collection of capillary blood. 

3. Touch the end of a slide to a large drop of blood; then spread the drop with a 
second slide. As soon as the blood has spread entirely across the end of the spreader 
slide (held at an angle of about 45 degrees) with a rather quick movement push (do 
not pull) the spreader toward the other end of the under slide (Fig. 56). The film 
should be neither too thin nor too thick (Fig. 57). Allow the blood to dry. 

4. A combination of the slide and coverglass methods is that of Beacom in which 
smears are prepared as follows: a small drop of blood is placed near the end of a clean 
slide and a coverglass is dropped on it; if the blood does not flow out properly, very 
gentle pressure may be used. The slide is then held on a table with the left hand and 
the first 2 fingers of the right hand are placed near the edges close to the left end of the 
coverglass. Then, with an even, fairly rapid pull, it is slid along the slide in the direc- 
tion of its long axis with only enough pressure to keep the fingers from slipping from 
the spreader. This leaves a smooth, even smear on the slide for examination. 

Method of Preparing Smears on Coverglasses. This method (after Bethell) is 
as follows: 

1. Use No. 1 coverglasses of high quality (7% inch square). 

2. The thorough cleaning of coverglasses is essential as follows: (a) place new 
ones in concentrated nitric acid or detergent for 24 hours. (b) Wash used coverglasses 
in 20 per cent acetic acid until all blood is removed, rinse in distilled water and proceed 
as with new coverglasses. (c) Rinse in running tap water for 10 minutes and transfer 
to a beaker containing distilled water. Three changes of distilled water are required. 
(d) Transfer the coverglasses to a wide mouthed bottle containing 95 per cent ethyl 
or propyl alcohol and stopper. (e) Before use, transfer by forceps to a bottle containing 
ether (reagent or U.S.P. quality). 

3. Prepare films as follows: (a) remove about 10 coverglasses from ether by 
forceps, and place them on clean new filter paper. (b) When dry, polish them with 
white hard surface paper. (c) The skin is punctured as previously described, or oxalated 
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Fig. 56. Method of preparing a blood smear. 


(From Kolmer, Clinical Diagnosis by Laboratory Examinations, 2nd ed. Courtesy of Appleton- 
Century-Crofts, Inc.) 


Fig. 57. Blood smears. 


A, a satisfactory thin, evenly spread smear; B, an unsatisfactory thick smear. (From Kolmer, 
Clinical Diagnosis by Laboratory Examinations, 2nd. ed. Courtesy of Appleton-Century-Crofts, Inc.) 


blood may be used. The latter is best handled with a fine capillary pipet. (d) Select 
two coverglasses and wipe the polished surfaces with a clean camel’s hair brush. The 
coverglasses are held by the edges, one in the left hand with the polished surface up, 
and the second in the right hand with the polished surface down. (e) A small round 
drop of blood is obtained and brought in contact with the under surface of the cover- 
glass held in the right hand (Fig. 58, A). When oxalated blood is being used, the drop 
is placed on the upper surface of the left hand coverglass. (f{) The right coverglass is 
lowered over the left and brought into contact at such an angle that the blood flows 
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Fig. 58. Method of preparing blood smears on coverglasses. 


A, obtaining drop of blood from an ear lobe with coverglasses; B, right (upper) coverglass has 
been brought in contact with the lower coverglass, and the drop of blood has spread across the area 
of contact by capillary action; C, the right coverglass has been lowered onto the bottom coverglass 
and the blood spread by capillary action, and the hands are poised to pull apart the coverglasses; 
D, completed preparation. 
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along the edges (Fig. 58, B). (g) The upper coverglass is then lowered so that the two 
are in contact causing the blood to spread between them (Fig. 58, C). (h) Just when 
the blood appears ready to stop spreading, the two coverglasses are pulled rapidly apart 
in a plane parallel to their surfaces (Fig. 58, D). No pressure is exerted on the cover- 
glasses and there must be no lifting or scraping motion. Only the lower film is usually 
satisfactory for staining. 

The blood film is dried rapidly by waving it in the air. It may then be stained as 
described later. 

4. Coverglass smears are used by many clinical pathologists in preference to smears 
on slides. This is due to the fact that the leukocytes tend to be distributed irregularly 
on the latter. On slides, the smaller forms such as lymphocytes remain in greater pro- 
portion in the center of the smear while the larger cells tend to accumulate at the edges 
and ends. While coverglass smears may present areas with greater or lesser numbers of 
leukocytes there is little disturbance in the proportion of the various cells (Waugh). 
Consequently, coverglass smears are much more suitable for differential leukocyte 
counts. 

Wright’s Method. This method of staining is recommended for routine purposes 
and is commonly employed. 

1. A simple and satisfactory method for preparing the stain consists in placing 1.0 
gm. of the dry powder (National Aniline and Chemical Company of New York) in a 
clean, dry dark brown bottle and adding 250 ml. of C.P. acetone-free methyl] alcohol. 
Stopper tightly, keep at room temperature in a dark place and shake daily for 5 minutes 
over a period of a week, when it is ready for use. As required, small amounts of this 
stock stain may be filtered into a small bottle. The stain will keep for over 6 months. 

2. It is advisable to use a buffer solution (pH 6.4) in staining, prepared by dissolv- 
ing 6.63 gm. of monobasic potassium phosphate and 3.2 gm. of dibasic sodium phos- 
phate in 1000 ml. of distilled water. 

3. Without previous fixation, cover the film with a counted number of drops of the 
stain. There must be plenty of stain in order to avoid too great evaporation and conse- 
quent precipitation. When slides are used, the stain may be confined to the desired area 
by two heavy wax-pencil marks. 

4. After 1 minute add the same number of drops of buffer solution with a second 
dropper. 

5. Allow the mixture to remain 4 minutes. A longer period of staining may produce 
a precipitate. Eosinophilic granules are brought out best by a shorter period of staining. 

6. Do not pour off the stain but flood the preparation with tap water and wash 
for 30 seconds. 

7. Dry best by waving high above a bunsen flame. Films on slides may be exam- 
ined directly with the oil-immersion objective. Films on coverglasses should be mounted 
in balsam or some acceptable substitute. 

Giemsa Method. This stain is probably the best modification of the Romanovsky 
stain for malarial and other blood parasites and is also very satisfactory as a routine 
blood stain. 

1. The stain may be prepared as follows: place 75 ml. of C.P. acetone-free methyl 
alcohol and 25 ml. of acid-free glycerin in a beaker. Put in a water bath and add 0.75 
gm. of imported dry powder Giemsa stain and warm to 60° C. Stir with a glass rod. 
Filter through No. 4 dry filter paper into a dry clean bottle and keep well stoppered. 
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For use, dilute 1 part of stock stain with 4 parts C.P. acetone-free methyl alcohol every 
2 weeks. 

2. Cover film with 15 drops and stain for 1 minute. 

3. Add 30 drops of distilled water, mix well and stain for 5 minutes. 

4. Wash by flooding with distilled water. 

5. Blot dry or stand on end and dry in air. 

Combination of Wright’s and Giemsa’s Methods. This method is especially use- 
ful in the leukemias for bringing out basophilia more clearly and in finer degrees. Three 
types of staining occur: (a) slight basophilia in which the cytoplasm is almost colorless 
or pinkish (4) moderate basophilia in which the cytoplasm is a sky blue and (c) marked 
basophilia in which the cytoplasm is a dark blue. With this combined staining, differen- 
tiation between young and old lymphocytes and young and old monocytes is more 
accurately made, and the azure granules are more clearly defined. 

1. Stain as in the Wright method. 

2. Pour off the stain and immediately cover with a mixture of 3 parts Giemsa stain 
and 2 parts of triple distilled water for 4 minutes. 

3. Wash briefly and dry. 

Jenner’s Method. This method stains nuclei poorly and is much inferior to the 
Wright’s stain for malarial parasites since it does not give the so-called ““Romanov- 
sky staining.” 

1. The stain, which may be purchased in the form of tablets or as a powder, is 
prepared by dissolving 0.5 gm. in 100 ml. of C.P. acetone-free methyl alcohol. 

2. Cover the film with the stain for 3 to 5 minutes. 

3. Wash with tap water until a lavender color is obtained. 

4. Blot and dry in the air. 

Pappenheim’s Method. This pyronine-methyl green stain is very satisfactory for 
the study of erythrocytes and lymphocytes. Polychromatophilia is well demonstrated, 
the affected corpuscles staining more or less red. All nuclei are blue to reddish-purple; 
basophilic granules and cytoplasm of lymphocytes are stained red. 

1. The stain is prepared by mixing 30 to 40 ml. of a saturated aqueous solution of 
methyl green with 10 to 15 ml. of a saturated aqueous solution of pyronine. The mix- 
ture will keep for about a month, If it is found that one of the dyes stains too deeply, 
it may be reduced by adding more of the other dye. 

2. Fix the film with heat. 

3. Cover with stain and allow to remain for one-half to five minutes. 

4. Wash thoroughly with distilled water and allow to dry. 

Washburn’s Peroxidase Method. This method is sometimes employed as an aid 
in the identification of myelocytes in the differential diagnosis of the leukemias. It is 
based upon the principle that a study of the oxidizing ferments of leukocytes aids in 
differentiating those of myeloid origin from those of other origin. 

1. Thin smears should be made, allowed to dry and stained within 3 to 4 hours. 

2. Flood the smear with 10 drops of solution No. 1 and allow it to stand for 1 to 
114 minutes. 

SOLUTION NO. 1 


Benzidine base . Saou : tee a. 0.3 gm. 
Basic fuchsin ae Sy oe ge er 0.3 gm 
Sodium nitroprusside (sat. aq. sol.) . Loe eins ox 1.00 ml. 


Echyivaleohol (95: per cent)” . 00) J sae. ER 100.0 ml. 
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Dissolve the benzidine and fuchsin in the alcohol in order named. Then add the 
nitroprusside solution. A slight precipitate may form at the bottom of the flask but 
it does not interfere with the staining qualities. This solution will keep for 8 to 10 
months. 

3. Without pouring off No. 1, add 5 drops of solution No. 2 and allow to stand 
3 to 4 minutes. 

SOLUTION NO. 2 


PAV ELOS CA IPELORIME AUS. Pa) cnc hdeascst he uch ae CM tn anna 0.3 ml. 
COS TLS RS eT A coe ae oe Ae, Se ee bed Rae eee, Dey Anal, 
This solution will keep for about 2 days. 


4. Wash thoroughly with tap water (%4 to 1 minute). 

5. While still wet, flood with 95 per cent ethyl alcohol and allow to stand 3 to 4 
minutes or until completely decolorized (i.e. when there is no more pink visible to the 
naked eye). 

6. Wash thoroughly with tap water and dry. 

7. Flood with Wright’s stain and allow to stand for 2 to 3 minutes. 

8. Add 14 drops of tap water (1% times as much water as Wright’s stain) and 
allow to stand for 20 to 45 minutes but certain abnormal bloods, particularly the 
leukemic bloods, require 35 to 40 minutes. 

9. Wash briefly with tap water, flood with 95 per cent alcohol for 3 to 5 seconds 
and immediately wash with tap water for 10 to 15 seconds. 

10. Dry and examine. 

The normal segmented neutrophil is so full of large black peroxidase granules that 
frequently the characteristic pleomorphic purple nucleus is the only other element 
visible. In the few polymorphonuclears which show a smaller number of black granules, 
the cytoplasm may be made out as finely granular and either neutrophilic or slightly 
pinkish. In certain abnormal bloods, notably in the myelogenous leukemias, some of 
these cells may have very few or no peroxidase granules. The cytoplasm of these cells 
frequently appears to be vacuolated, suggesting that they are degenerated forms in 
which the substance producing the peroxidase reaction has disappeared. 

The nuclei of eosinophils stain the usual purple, as with Wright’s stain, and the 
large eosinophilic granules take on the deep black of the peroxidase stain but remain 
refractile. This gives them the appearance of very large black granules whose center 
is slightly paler than the periphery and of a brownish tint. 

The basophils are the only normal cells which are hard to classify with this stain, 
since the basophilic granules take on the black of the peroxidase reaction so that their 
differentiation from neutrophils is difficult. The granules of the basophils are slightly 
larger and tend to be arranged more thickly at the cell edges. The nucleus is also less 
distinct, less pleomorphic, and of a paler purple or even lavender color compared with 
that of the neutrophils. 

The lymphocytes never show any peroxidase granules. Their characteristics by this 
staining method are identical with those seen in the Wright stain. 

The monocytes usually show a scattering of black granules which tend to be in 
groups. The remainder of the cell stains as with Wright’s stain. That is, the nucleus 
is a slightly paler shade of purple than that of the Asya or lymphocytes while 
the cytoplasm shows a slate-gray homogeneous background with fine pinkish granula- 
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tions unevenly distributed. Occasionally, cells with only 1 or 2, or even without any 
peroxidase granules, are seen. 

Myelocytes usually show some peroxidase granules. The number may vary from 
2 to a score or more, so that the cell may be as full of granules as a mature neutrophil. 
The myelocytes, which are less granular by Wright’s stain, usually show fewer perox- 
idase granules 

Myeloblasts and lymphoblasts do not show any peroxidase granules so that their 
differentiation is not possible with this stain. Their appearance is identical with that 
seen in Wright’s stain. However, it is worth remembering that some of the large 
primitive leukocytes, with deep blue cytoplasms and large round purple nuclei, may be 
very early myelocytes whose granules are too few and small to be seen with the ordinary 
Wright’s stain. Such cells will show a few black granules with the peroxidase stain, thus 
indicating a myelogenous origin. 


METHOD FOR SUPRAVITAL STAINING 


Principles. Supravital staining means the staining of cells after their removal 
from the living body, but while they retain their vitality. Reagents are used which are 
of low toxicity for the cells, but which will stain them in the course of about 20 minutes. 
The following method is a modification of Pappenheim’s original use of neutral red 
in the study of erythrocytes, but adapted to leukocytes independently by Simpson and 
Sabin, who added the staining of mitochondria by Janus green. 

Procedure. 1. Wash new slides with soap and water; rinse in running water for 
several hours and 2 or 3 times with distilled water; transfer to sulfuric acid-potassium 
dichromate solution for several days; wash thoroughly in distilled water and store in 
70 per cent alcohol. For use, wipe with a clean soft cloth and flame over a bunsen 
burner. Coverglasses are prepared in the same manner except that, to avoid warping, 
they are not flamed. 

2. Prepare stock saturated solutions of neutral red (Griibler) and Janus green 
(diazine green, National Aniline Company) in absolute ethyl alcohol and keep at 
room temperature in glass-stoppered bottles in the dark. 

3. Mix 3 drops of the stock solution of Janus green with 1 ml. of diluted neutral 
red prepared by diluting 20 to 30 drops of the saturated alcoholic solution with 10 ml. 
of absolute ethyl alcohol. 

4. Hold slides with forceps and flood with the stain. Place them on end to drain 
and dry. Mark the stained sides with a wax pencil. 

5. Puncture a finger and touch a coverglass to a large drop of blood without 
touching the skin. Place on a slide; do not put pressure on the coverglass. Rim the 
coverglass with ¢hick immersion oil or Vaseline to exclude oxygen and prevent evapo- 
ration. 

6. Place slide in an electric incubator or a microscopic stage (Chicago Surgical and 
Electrical Company) at a temperature of 100.4° F. (+ 1°). 

7. Examine at intervals over a period of at least 20 to 40 minutes, which is satis- 
factory for the staining of vacuoles and granules and permits comparisons between 
granulocytes and endothelial leukocytes. Normal granulocytes do not begin to show 
vacuoles until after 30 to 40 minutes, while the vacuoles of lymphocytes and endo- 
thelial leukocytes are usually stained in 10 to 15 minutes. Mitochondria are usually 
stained in 5 to 10 minutes. Janus green is quite toxic. Preparations which have stood 
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1 to 2 hours may be quite satisfactory for differential counts but not for qualitative 
analysis of the functional state of the cells. 


8. The characteristics of cells of normal blood with supravital staining have been 
summarized by Beck as shown in Table 6. 


CLASSIFICATION OF NORMAL AND ABNORMAL LEUKOCYTES 
According to the recommendations of the Committee for Clarification of the 
Nomenclature of Cells and Diseases of the Blood and Blood-forming Organs, pre- 
viously referred to, the terms to be used and avoided when referring to cells of 
a particular series or to diseases affecting them are shown in Table 7. 


TABLE 7. TERMS TO BE USED AND AVOIDED. 


Terms to be Used Terms to be Avoided 

Lymphocytic Renee lymphatic, Temeneeenonee iho ionbadolent 

Grant sie ean mia rerum 

Monocytic Mocotron. monocytogenous, mononuclear, monocyte 

Plasmocytic Plasma cellular, plasmacytogenous, myeloma cell, plasmacyte 

Eaihtocvic Erythroid, erythrocytoid, erythron, erythrocytogenous, eryth- 
rocyte 

Thrombocytic “Megakaryocytic, platelet, thrombocyte 


The Committee has also recommended the terms to be used and avoided in rela- 
tion to leukocytes, as shown in Table 8. Definitions of the recommended terms are as 
follows: 

Lymphoblasts (Plate III) are any cells of the lymphocytic series having a fine 
chromatin structure in the nucleus. Cells of blast morphology associated with prolym- 
phocytes should be tentatively classified as lymphoblasts. 

Prolymphocytes are any cells of the lymphocytic series intermediate in morphology 
between lymphoblasts and the lymphocytes. They always have too coarse a chromatin 
structure to fit the criteria for blasts and too fine a chromatin structure or too large a 
cell diameter to be classed as lymphocytes. Usually, but not always, prolymphocytes 
are larger than 15 microns in diameter, which is the upper limit for lymphocytes. 

Lymphocytes (Plates I, III, V, VI) are any cells of the lymphocytic series having 
the morphology of those commonly found in the blood of healthy adults. 

Monoblasts (Plate V) are any cells of the monocytic series having fine chromatin 
structure. Usually nucleoli are visible. Cells of blast morphology, found in association 
with promonocytes, should be tentatively classed as monoblasts. 

Promonocytes (Plate V) are any cells intermediate in morphology between the 
monoblast and the monocyte. They are differentiated from monoblasts by an irregu- 
larly shaped nucleus and somewhat coarser chromatin structure, and from the monocyte 
by the presence of one or more nucleoli. 
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TABLE 8. TERMINOLOGY. 


Series Terms to be Used Terms to be Avoided 
Lymphoblast Hemocytoblast, lymphoidocyte, stem cell 
Prolymphocyte Large lymphocyte, pathologic large lymphocyte, atypi- 
Lymphocytic cal leukocytoid lymphocyte, immature lymphocyte 
Lymphocyte Small, medium or large lymphocyte, normal lympho- 
cyte, small, medium or large mononuclear 
Monoblast Hemocytoblast, lymphoidocyte, lymphocyte, stem cell, 
immature monocyte 
$ Promonocyte Premonocyte, hemohistioblast, immature monocyte, 
Monocytic Ferrata cell 
Monocyte Large mononuclear, transitional, clasmatocyte, endo- 
thelial leukocyte, histiocyte, resting wandering cell 
Myeloblast Granuloblast, hemocytoblast, lymphoidocyte, lympho- 
cyte, stem cell 
Progranulocyte Promyelocyte II, leukoblast, myeloblast, premyelocyte, 
promyelocyte, progranulocyte A 
._ | Myelocyte Granulocyte, myelocyte B, non-filament, Class I 
Granulocytic Y 
Metamyelocyte Metagranulocyte, juvenile, myelocyte C, nonfilament, 
Class I 
Band cell Staff cell, stab cell, non-filament, class I, rod nuclear, 
polymorphonuclear, stabkernige, rhabdocyte, non- 
segmented 
Plasmoblast Myeloblast, hemocytoblast, lymphoidocyte, lymphocyte, 
stem cell, lymphoblastic plasma cell, myeloma cell 
Pl re Proplasmocyte Turk cell, Turk irritation form, lymphoblastic or myelo- 
ep ties ae blastic plasma cell, myeloma cell 
Plasmocyte Plasma cell, Unna’s plasma cell, Marschalko’s plasma 
cell, plasmacytoid lymphocyte, myeloma cell 
Megakaryoblast Megalokaryoblast 
Promegakaryocyte | Premegalokaryocyte 
Thrombocytic 
Megakaryocyte Megalokaryocyte 
Thrombocyte Platelet, thromboplastid 
O Disintegrated cell | Senile cell, smudge, basket cell, smear cell, degenerated 


cell 


PLATE Il 


neh 


Normal cellular constituents of adult human blood. 


1. Segmented (polymorphonuclear) neutrophil. 2. Band (stab) neutrophil. 3. Segmented eosinophil. 4. Basophil. 
small lymphocytes. 6. Large lymphocyte. 7. Monocytes. 8. Thrombocytes. 9. Erythrocytes. (From Custer, An Atlas 
the Blood and Bone Marrow. Courtesy of W. B. Saunders Company.) 
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Monocytes (Plates II, V) are any cells of the monocytic series having the morphol- 
ogy of those commonly found in the blood of healthy adults. They are differentiated 
from promonocytes by the absence of nucleoli. 

Myeloblasts (Plates III, IV) are any cells of the granulocytic series having fine 
chromatin structure and containing no specific granules. Usually nucleoli are visible. 
Cells of blast morphology found in association with progranulocytes should tentatively 
be classed as myeloblasts. 

Progranulocytes (Plate III) are any cells of the granulocytic series which have a 
nuclear structure too coarse for that of a blast cell and which have not yet developed 
discernible, specific granules. This term was selected rather than “promyelocyte’’ be- 
cause of its clear relationship to the definition of granulocyte, given later, and because 
the term ‘“‘promyelocyte” has been in wide use for cells which do contain specific gran- 
ules. The reason that the terms “granuloblast,” “granulocyte,” and “metagranulocyte” 
were not chosen was that the terms ‘“myeloblast” and “myelocyte” were already in 
general use with essentially the definitions here given. This is true also for the term 
“oranulocyte,” which would otherwise have to be synonymous with the term “myelo- 
cyte.” Specific granules are neutrophilic, eosinophilic or basophilic. This term does not 
include azurophilic granules. Granulocyte is an inclusive term applying to any cell con- 
taining specific granules. The plural form granulocytes, therefore, includes all myelo- 
cytes, metamyelocytes, band cells, and segmented cells whether neutrophils, eosinophils, 
or basophils. 

Myelocytes (Plates II], [V) are any cells containing specific granules, with a round 
or oval nucleus. They are distinguished from progranulocytes by the presence of spe- 
cific granules and from metamyelocytes by the absence of indentation in the nuclei. 
They may be further subdivided into early and late stages, but the definition of early 
or late should be clearly stated. Myelocytes are classified as neutrophilic, eosinophilic 
or basophilic. 

Metamyelocytes (Plate IV) are any cells of the granulocytic series having specific 
granules in the cytoplasm and a nucleus intermediate in shape between that of myelo- 
cytes and band cells. The nucleus usually has an indented oval shape, resembling a 
bean or kidney. 

Band cells (Plate IL) are any cells of the granulocytic series which have nuclei 
resembling curved or coiled bands regardless of indentations, if they do not completely 
segment the nuclei into lobes connected by filaments. They are differentiated from 
metamyelocytes by an appreciable length of nucleus having parallel sides, and from 
segmented neutrophils by having no indentations which could be described as filaments. 

Segmented cells (Plates II, III, IV, VIIT) are any cells containing specific granules 
in which the lobes of the nucleus are connected by a filament. A filament is defined as 


Plate Ill. Acute leukemia. 


A. Acute lymphoblastic (lymphocytic) leukemia (Wright’s stain). x 950. 
A, lymphoblasts. B, young lymphocytes. C, adult lymphocytes. D, polymorphonuclear (segmented ) 
neutrophils. £, normoblast (rubricyte). 
B. Acute myeloblastic (granulocytic) leukemia (Wright’s stain). x 950. 
A, myeloblasts. B, early myelocyte or promyelocyte (progranulocyte). C and D, myelocytes; C 
being the younger of the two. &, juvenile (band) neutrophil. F, segmented neutrophils. G, adult 
lymphocyte. H, macroblast with diffuse basophilia (polychromatic rubricyte). 


(From Wintrobe, Tice’s Practice of Medicine. Courtesy of W. F. Prior Company.) 
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See description of this plate on opposite page. 


86 METHODS FOR THE EXAMINATION OF THE BLOOD 


a threadlike structure. Since at times, in viewing a three-dimensional object from one 
direction, it is impossible to be certain whether two parts of the nucleus are connected 
by a filament or a band, it is suggested that such cells always be placed in the seg- 
mented category, since this is the more differentiated and more common cell. 

The term toxic neutrophils, followed by a 1 to 4+ designation, is recommended 
for the grading of toxic granules, basophilia of the cytoplasm, vacuoles and condensa- 
tion of nuclear chromatin in the neutrophils, since its meaning is clear, although it is 
recognized that it is not an adequately descriptive term. The grading should depend 
more on the degree of change than on the percentage of the cells involved and should 
be recorded in the report whenever the degree of change exceeds 2+. 

Plasmoblasts are any cells of the plasmocytic series having fine chromatin structures 
in the nuclei. Cells of blast morphology found in association with proplasmocytes are 
usually seen only in plasmocytic leukemia or multiple myeloma. The cytoplasm tends 
to be more opaque in staining than in the other leukocytic blast cells. 

Proplasmocytes are any cells of the plasmocytic series with a nuclear structure too 
coarse for that of blast cells but with one or more nucleoli present. 

Plasmocytes (Plate IX) are cells characterized by extremely coarse chromatin 
structure, with deeply staining chromatin of the nuclei aggregated into large, sharply 
demarcated clumps. They are differentiated from proplasmocytes by the absence of 
nucleoli. The cytoplasm of all cells of the plasmocytic series tends to be deeply baso- 
philic and opaque in appearance. Azurophil granules may be present or absent, but are 
more commonly absent. 

Megakaryoblasts are any cells of the thrombocytic series having nuclei with fine 
chromatin structure. Usually these cells are larger than other blast cells. 

Promegakaryocytes are any cells of the thrombocytic series with nuclei containing 
nucleoli but having a chromatin structure too coarse for a blast cell. The nuclei are 
usually similar in shape to that of megakaryocytes. Fine azurophilic granules are 
usually diffusely scattered through the cytoplasm. 

Megakaryocytes are any nucleated ceils of the thrombocytic series in which nucle- 
oli are not discernible. The azurophilic granules are often aggregated into clumps. 
Megakaryocytes and promegakaryocytes are typically much larger than other cells 
found in the bone marrow. 

Thrombocytes (Plates II, VII) are any cells of the thrombocytic series with no 
nuclei; in other words, any non-nucleated fragment of megakaryocytic cytoplasm con- 
taining azurophilic granules similar to those of mature megakaryocytes. The term 
thromboplastid is recognized as being anatomically correct, but to be consistent with 
the term erythrocyte and to permit the use of “thrombocytic” and “erythrocytic” in 


Plate IV. Chronic leukemia. 
A. Chronic myelocytic (granulocytic) leukemia (Wright’s stain). x 950. 

A, myeloblast. B, neutrophilic myelocytes. C, neutrophilic metamyelocytes. D, polymorphonuclear 
(segmented) neutrophils. £, basophilic metamyelocyte. F, eosinophilic metamyelocyte. G, lymphocyte. 
H, normoblast (rubricyte). 

B. Peroxidase stain (Goodpasture’s). > 950. 

A, early myelocyte (progranulocyte). B, myelocytes. C, metamyelocytes. D, polymorphonuclears 
(segmented neutrophils). 

(From Wintrobe, Tice’s Practice of Medicine. Courtesy of W. F. Prior Company.) 
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PLATE V 


Acute monocytic leukemia (Wright's stain). x 1200. 


A, B, C, monocytes showing the typical “twisted” nuclei with delicate lacy chromatin and the 
bluish gray cytoplasm containing many fine granules. A and C show the characteristic short pseudo- 
podia. In B an inclusion, probably a nucleated red corpuscle, is present. D, lymphocyte. E, young 
monocyte—the nuclear chromatin is fine, there are two nucleoli, and only a few granules are present 
in the cytoplasm. F, “monoblast’”’ with fine chromatin and five nucleoli in the nucleus and basophilic 
cytoplasm without granules. G, abnormal cell of the monocytic series—the transparent character of 
the nucleus is particularly noteworthy. (From Wintrobe, Tice’s Practice of Medicine. Courtesy of 
W. F. Prior Company.) 


PLATE VI 


Infectious mononucleosis. 


The leukocyte count was 18,000 per cubic millimeter with 75 per cent of the cells atypical 
lymphocyte variants of the type illustrated. The three upper cells possess nuclei with relatively dense 
chromatin like that of mature lymphocytes, but there also may be observed small clear spaces or 
fenestrations which are quite characteristic of this disease. The cell in the lower portion of the field 
is a younger or prolymphocytic form with a large light staining nucleus. All of the cells possess 
abundant foamy cytoplasm of irregular outline, readily indented by adjacent erythrocytes, and 
characterized by variable and uneven basophilic staining properties. Wright’s stain, « 960. (From 
Sturgis, Hematology. Courtesy of Charles C Thomas Company.) 
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describing these cell series, the suffix “cyte” is to be preferred for these two non- 
nucleated cells. 

Disintegrated cells are any cells of any series in which the cytoplasmic outline has 
been disrupted or the nuclear chromatin is no longer surrounded by a membrane, 
excluding the changes in the nuclei that occur in mitotic division. Disintegrated cells 
should be recorded as such even though they may be identified by dispersed granules. 
They should be counted even if only shreds of nuclear material are discernible, since 
they are undoubtedly included in total leukocyte counts. 

An increase of neutrophils above the normal range is designated as neutrophilia, 
while a decrease below normal is called neutropenia. The corresponding terms for the 
eosinophils are eosinophilia and eosinopenia. With respect to basophils, an abnormal 
increase is termed basophilia. 

Shifts to the Left and Right. In 1904 Arneth attempted to measure the relative 
age of the circulating neutrophilic leukocytes from the morphology of the nucleus. 


Plate VII. Normal and abnormal red corpuscles and platelets (Wright's stain, | mm.= 1 y). 


1. Normal red corpuscles (normocytes). 

2. Small red corpuscles (microcytes). 

3. Large red corpuscles (macrocytes). 

4. Exceptionally large red corpuscles from a case of pernicious anemia. 

5. Abnormally shaped red corpuscles (poikilocytes, leptocytes) from cases of pernicious anemia, 
chronic posthemorrhagic anemia and sickle cell anemia. 

6. Reticulocytes, stained with cresyl! blue, as well as Wright’s solution, to show the granulo- 
reticulofilamentous network. 

7. Red corpuscles showing polychromatophilia (diffuse basophilia). 

8. Red corpuscles showing basophilic stippling (punctate basophilia). 

9. Red corpuscles containing Cabot ring bodies. The cytoplasm of a and c is diffusely basophilic 
and contains fine “chromatin dust.” 

10. Basophilic red corpuscle containing three Howell-Jolly bodies, a Cabot ring body and fine 
“chromatin dust.” 

i1 to 18. Normoblasts. Numbers 11 to 17 from the bone marrow of cases of hemolytic anemia, 
18 from a case of hypochromic microcytic anemia. 

11. Pronormoblast (prorubricyte). There are a few tiny nucleoli in the nucleus. The cytoplasm 
is deeply basophilic, but hemoglobin formation is just commencing at the four o’clock position. 

12. Basophilic normoblast (basophilic rubricyte). There are no nucleoli, the cytoplasm is less 
deeply basophilic than that of cell 11. There is beginning hemoglobin formation in the upper portion 
of the cell. 

13. Polychromatic normoblast (polychromatic rubricyte). 

14 to 17. Orthochromatic normoblasts. Numbers 14 and 15. Normochromic rubricytes. Numbers 
16 and 17. Metarubricytes, there is karyorrhexis. In 17 there is also punctate basophilia. 

18. Basophilic “microblast,” to be distinguished from a lymphocyte by the opaque grayish blue 
color of the cytoplasm and the small size of the cell. 

19 to 23. Megaloblasts from the bone marrow of cases of pernicious anemia. 

19. Promegaloblast (prorubricyte, pernicious anemia type). Note that the chromatin appears 
finely granular and is much more homogeneous than that of the pronormoblast (No. 11). The 
nucleoli are barely perceptible. 

20. Basophilic megaloblast (basophilic rubricyte, P.A. type). Note the finely divided, meshlike 
chromatin so characteristic of the megaloblast. Compare with cell 12. 

21 and 22. Polychromatic megaloblasts (polychromatic rubricytes, P.A. type). Not only is the 
color of the cytoplasm changing as compared with that of cells 19 and 20 but the chromatin is 
becoming aggregated into larger masses. It continues to be rather homogeneous. 

23. Orthochromatic megaloblast (ncrmochromic rubricyte, P.A. type) containing two Howell- 
Jolly bodies. 

24. Giant platelet (thrombocyte). 

25. A few platelets (thrombocytes) of normal size and one exceptionally large one. 

(From Wintrobe, Tice’s Practice of Medicine. Courtesy of W. F. Prior Company.) 


PLATE VII 


See description of this plate on opposite page. 
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He showed that the nucleus of the neutrophil, in its development from the myeloblast 
in the bone marrow, becomes gradually more indented and divides with age into an 
increasing number of separate lobes or segments. The shape of the nucleus is thus an 
index of the maturity of the cell. He divided the neutrophils into two major groups 
and numerous subgroups on the basis of nuclear configuration. Arneth suggested the 
terms “shift to the left” to indicate an increase in young cells or in those with fewer 
lobes, and “shift to the right”? to designate an increase in older cells or in those with a 
larger number of lobes in the nuclei. Although Arneth’s complete classification is en- 
tirely too cumbersome for practical laboratory application, his observations on the 
relation of the nuclear form to the age of the cell have been accepted as fundamentally 
correct. 

Schiiling, in 1911, suggested another classification of neutrophils, dividing them into 
four groups in order of their age. Schilling’s classification is simpler than Arneth’s and 
recognizes two types of “shift to the left”’. Arneth considered that the increased number 
of cells with fewer lobes of the nuclei was caused only by the rapid outpouring of 
neutrophils from the bone marrow in response to an acute need before growth and 
differentiation were complete. Schilling designates this as a regenerative “shift to the 
left”. It is associated with a high total neutrophil count. In other instances a depression 
of the bone marrow function seems to prevent the complete differentiation of the 
neutrophils, so that they develop only to a certain point and emerge into the circula- 
tion at this stage. The differential count in such cases shows an increased proportion of 
immature forms due presumably to the depressed marrow function but the total 
neutrophil count is low. This type of reaction was designated by Schilling as a degenera- 
tive “shift to the left”. 

Pernicious anemia is one of the few diseases in which the appearance of a larger 
number of very mature neutrophils or “shift to the right” is of diagnostic importance 
(Plate VIII). 

Some “shift to the left” is encountered in the presence of many types of infection, 
and often in toxic conditions due to other causes. 

Farley, St. Clair and Reisinger (Am. J. M. Sc., 1934, 180:336) have suggested a 
simpler classification of the neutrophils into non-filament and filament types, which 
supplies all essential and practical information required on the degree of immaturity 
of these cells. 

It can be seen from the report of the Nomenclature Committee that the terms used 
in these three systems of classification are no longer recommended. As yet, however, 
the Committee has made no specific recommendations regarding the terms “shift to the 
left” and “shift to the right.”” Meanwhile, it is believed that the differentiation into 
band and segmented neutrophils is adequate for clinical purposes. If earlier forms 
than band cells are present in the blood, they should be recorded in the differential 
count according to the classification given in Table 8. 

Toxic Neutrophils. Reference has been made in the report of the Nomenclature 
Committee to these cells. During the course of various acute and chronic infections, 
or following x-ray irradiation therapy, a number of “toxic” changes may appear in 
the neutrophils. The affected cells are likely to be unduly fragile which may result in 
their disintegration in the preparation of blood smears. 

The cytoplasm is likely to show varying degrees of vacuolization. Normally, only 


PLATE VIII 


Pernicious anemia. 


Early reticulocytosis induced by specific therapy. Erythrocyte count before treatment was 
1,200,000 per cubic millimeter. On the fourth day after the intramuscular injection of liver extract, 
15 units U.S.P., the reticulocyte percentage was 16. Abnormalities in size and shape of the red blood 
cells are still conspicuous and large neutrophils with hypersegmentation of the nuclei are present, 
but the serum bilirubin and urine urobilinogen had decreased to nearly normal levels and clinical 
improvement was evidenced by increased appetite and sense of well-being. Two days later the 
percentage of reticulocytes reached a maximum of 45. Subsequently it declined within a period of 
two weeks to less than 3, although treatment with liver extract was continued. The erythrocyte 
count progressively increased and exceeded 4,500,000 per cubic millimeter five weeks after the insti- 
tution of specific therapy. Wright’s stain, X 960. (From Sturgis, Hematology. Courtesy of Charles 


C Thomas Company.) 
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an occasional neutrophil will show the presence of a vacuole but in degenerated cells 
they may be numerous, appearing as regular, round, clear spaces. 

The pattern of the nucleus may vary from normal, with irregularity in staining 
rendering it hyperchromatic, pyknotic or structureless. In some instances the nucleus 
appears swollen with an irregular jagged outline and cloudiness of the chromatin. 

The granules in the cytoplasm are numerous, small, of uniform size and pinkish in 
color under normal conditions. Toxic granulation is manifested by the presence of 
basophilic granules of a deep blue color. They may be small and scattered among the 
normal pinkish granules or large, coarse and irregular in distribution, in which case 
few, if any, normal granules are to be seen. In some cells they may be so large that the 
cells resemble basophils. These toxic granules may be present in both young or band 
cells and mature or segmented neutrophils. 

Under normal conditions the granules are sharply defined when stained by the 
peroxidase method. Toxic granules, however, are not brought out by this method of 
staining. In other words, basophilic granules in neutro- 
phils apparently represent an interference or failure in 
the normal development of granules in neutrophils. 

These basophilic granules are readily stained by the 
Wright or Giemsa methods. They are likewise readily 
stained by fixing the blood film with absolute methyl 
alcohol for 2 minutes, drying in the air, staining with 
Loffler’s methylene blue for 2 minutes, washing in water 
and drying. Normal granules are unstained or appear as 
a very few fine pinpoint granules. Toxic granules, how- 
ever, appear dark blue or blue violet in a dirty gray or 
blue-gray cytoplasm. They may be graded 1+ to 4+ in 
Fig. 59. Dohle inclusion bodies severity. When the degree is 2+ or greater, it should be 

71500; (Wood:} included in the report. 

Dohle’s Inclusion Bodies. Dohle’s inclusion bodies 
(Fig. 59) are found in the cytoplasm of the neutrophils in the majority of cases of 
scarlet fever and sometimes in diphtheria, pneumonia and other infectious diseases, but 
never in German measles and rarely in measles. They occur as pear-shaped short rods 
and are readily seen in blood films stained according to the method of Wright or 
Giemsa. Prolonged staining with pyronine-methyl green (Pappenheim method), how- 
ever, is best as the bodies stain bright red while the nuclei are purplish. 


ABNORMAL LEUKOCYTES IN THE BLOOD 


The normal leukocytes of the blood have just been discussed, along with some of 
the changes induced by disease. The appearance of early developmental stages of 
leukocytes in the blood is abnormal, and may indicate serious illness, especially if the 
more primitive cells themselves appear abnormal. This usually means that the patient 
bas one of the leukemias. 

The Leukemias. These include all cases of neoplastic disease arising in hema- 
topoietic tissues in which the type cells appear in the blood or are disseminated diffusely 
through the bone marrow. A classification with definitions of the cell types which may 
be involved in the leukemias has been given by the Committee on Nomenclature. In 
the diagnosis of a case of leukemia, if examinations are incomplete and no attempt 


PLATE IX 


Multiple myeloma (plasmocytoma). 


Direct smear of material aspirated from the sternum and stained with Wright’s stain. The patient, 
a man aged 46, complained of dull pain in the thoracic and lumbar regions of the spine of about 
four months duration. There was a moderately severe normochromic anemia, conspicuous rouleau 
formation of the erythrocytes and an essentially normal leukocyte picture. Plasma cells were not 
found in the peripheral blood. Roentgenograms revealed osteoporosis without osteolytic lesions. In 
the diagnosis of multiple myeloma the most important procedure is sternal marrow aspiration. The 
characteristic cells, which tend to occur in clumps and may outnumber all other myeloid elements, 
are large with eccentric nuclei possessing deeply staining, heavily massed chromatin, often with 
nuclei, and a variable amount of intensely basophilic, coarsely textured cytoplasm. Cells with 
multiple nuclei are commonly found. Differentiation from the normal plasma cells of the marrow is 
made by the greater size of the neoplastic elements and the immaturity of their nuclei as well as by 
their increased numbers. The field illustrated contains, in addition to myeloma cells, a metamyelocyte 
and a normoblast (rubricyte). Wright’s stain, K 960. (From Sturgis, Hematology. Courtesy of 


Charles C Thomas Company.) 
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made to determine the cell type, the case should be placed in the general category of 
“leukemia”; if the cell series could not be identified, it should be included in the 
category “type unclassified.” The latter diagnosis will usually refer to acute leukemia 
of unidentified “blast cell” type. 

Acute leukemias are defined as those cases with an expected duration of life of three 
months or less from the onset of illness. The predominant cells in the bone marrow and 
blood are blast forms, except in some cases of acute lymphocytic leukemia, when the 
cells are indistinguishable morphologically from lymphocytes or prolymphocytes. 
Except in the lymphocytic type, cells more differentiated than the pro-stage of the 
involved series are rare or absent (Plate IIT). 

Subacute leukemias are defined as those cases with an expected duration of life 
of three months to one year from the onset of illness. The predominant cell in the bone 
marrow and blood is the pro-stage of the involved series, and an increased number of 
blast cells is always found. Except in the lymphocytic type, cells more differentiated 
than the pro-stage of the involved series are rare or absent. 

Chronic leukemias are defined as those cases with an expected duration of life of 
one to twenty years or more, averaging three to five years, depending upon the type, 
from the onset of illness. The most differentiated stage of the involved series of cells 
is always present, in addition to the less differentiated cells. In the lymphocytic type 
only the lymphocyte is usually found and prolymphocytes are rare or absent 
(Plate IV). 

Leukemic leukemias are defined as those in which the leukocyte count in the blood 
is above 15,000 per c.mm. and the type cells are present in the blood in sufficient 
number to permit the diagnosis of the type of leukemia (Plates III, IV, V). 

Subleukemic leukemias are defined as those in which the leukocyte count in the 
blood is below 15,000 per c.mm. It is often much below normal, in the 100 to 4000 
range, yet the type cells of the particular variety of leukemia are present in the blood 
in sufficient numbers to suggest the diagnosis. 

Aleukemic leukemias are defined as those in which the leukocyte count in the blood 
is below 15,000 per c.mm., often as low as 100 to 4000 per c.mm., but the type cells 
are absent or are so few, usually less than one per 1000 cells, that it is impossible to 
make the diagnosis from examination of the blood alone. 

In all aleukemic and most subleukemic leukemias, therefore, bone marrow exam- 
inations are essential for diagnostic purposes. 

Infectious Mononucleosis. This is another disease producing abnormal leukocytes 
in the blood. It is an acute infectious disease, probably of virus etiology. It is diagnosed 
by the clinical findings, by the appearance of the “atypical lymphocytes” in the blood, 
and by the development of agglutinins for sheep erythrocytes in rising titre during the 
acute or convalescent phase of the disease. The typical cells are shown and described 
in Plate VI. 

Infectious Lymphocytosis. As the name implies, this disease is characterized by 
an increase in lymphocytes, associated with an apparently specific infection of unknown 
cause. The lymphocytes are normal in appearance and agglutinins for sheep erythro- 
cytes do not develop. 

Both infectious mononucleosis and infectious lymphocytosis may be confused with 
leukemia. Mistakes in either direction, therefore, may have serious consequences. 
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NORMAL AND ABNORMAL ERYTHROCYTES 


Examination of the erythrocytes of stained blood smears is also important, espe- 
cially in the anemias. As in the case of the leukocytes, it is necessary to recognize both 
normal and abnormal cells. The Committee for Clarification of the Nomenclature of 
Cells and Diseases of the Blood and Blood-forming Organs, previously referred to, has 
made recommendations which are given herewith. Some of these are rather striking 
changes in terminology but are being accepted in the United States, although the 
nomenclature proposed by Israels (An Atlas of Bone-marrow Pathology, New York. 
Grune and Stratton), is being used in England. These changes are shown in Table » 
followed by definitions of the recommended terms. 


TABLE 9. RECOMMENDED TERMS AND TERMS TO BE AVOIDED IN RELATION TO 
CELLS OF THE ERYTHROCYTIC SERIES. 


Terms to be Used Terms to be Avoided 


Rubriblast Erythroblast, megaloblast, pronormoblast, promegaloblast, norm- 
oblast, hemocytoblast, stem cell, myeloblast, lymphoidocyte, 
karyoblast 


Erythroblast, megaloblast, pronormoblast, normoblast, macro- 
normoblast, macroblast, prokaryocyte 


Prorubricyte 


Normoblast, pronormoblast, macronormoblast, erythroblast, 
polychromatophilic normoblast, karyocyte 


Rubricyte 


Metarubricyte Normoblast, erythroblast, metakaryocyte 


Reticulocyte 


Erythrocyte Red blood cell, ervthroplastid, normocyte, akaryocyte 


A rubriblast is any cell of the erythrocytic series having a fine chromatin structure 
in the nucleus. Nucleoli are usually discernible. A stippled chromatin pattern is more 
common than the lace-net pattern usually seen in other blast cells. 

A prorubricyte (Plate VII) is any cell of the erythrocytic series in which one or 
more nucleoli are discernible in the nucleus and which has a chromatin structure too 
coarse to be classified as a rubriblast. 

A rubricyte (Plate VII) is any cell of the erythrocytic series having a definite 
structure of the nuclear chromatin, but containing no discernible nucleoli. This stage 
is differentiated from the prorubricyte by the absence of nucleoli in the nucleus and 
from the metarubricyte by not having a pyknotic, fragmented or partially extruded 
nucleus. Some may wish to subdivide and qualify this stage, or other stages, further 
into basophilic, polychromatic or normochromic rubricytes, according to the amount 
of hemoglobin present in the cytoplasm. 

A metarubricyte or normoblast (Plate VII) is any nucleated cell of the erythrocytic 
series having a pyknotic, fragmented, partially extruded or partially autolyzed nucleus. 
Pyknotic describes a dense, solid, structureless nuclear mass. The phenomenon of 
karyorrhexis, or fragmentation of nuclei, should be clearly distinguished from the 
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occurrence of double, well-formed nuclei which are occasionally seen in prorubricytes 
and rubricytes, as well as in other cells which may divide amitotically. 

A reticulocyte (Plates VII and VIII) is any non-nucleated cell of the erythrocytic 
series in which, when supravitally stained, one or more granules or a diffuse network 
of fibrils are discernible. All reticulocytes are included under the term erythrocyte 
since, without a special stain, reticulocytes are indistinguishable from erythrocytes. 

An erythrocyte (Plates II, VII, and VIII) is any non-nucleated cell of the erythro- 
cytic series. 

The qualifying adjective phrase pernicious anemia type is to be applied to any cell 
of the erythrocytic or granulocytic series, and to the bone marrow and blood as a 
whole, to indicate the presence of the morphologic changes characteristically seen in 
pernicious anemia and other macrocytic anemias which respond to liver extract or 
folic acid therapy. In the nucleated cells of the erythrocytic series the major feature 
of this change is a relative increase in the pale-staining parachromatin with a corre- 
sponding decrease in the deep-staining basichromatin. In the cells of the granulocytic 
series the characteristic change is the presence of giant forms having very bizarre 
nuclei, and in the segmented neutrophils the occurrence of many cells with more than 
five lobes (Plate VIII). 

Each name recommended for the cells of the erythrocytic series clearly indicates 
the stage of differentiation. The use of the qualifying adjective phrase, pernicious 
anemia type, with the name of the cell stage will equally clearly indicate that a cell 
shows the alterations in morphology typically seen in the marrow or blood of untreated 
pernicious anemia, as contrasted with the corresponding cell which is unqualified as 
to terminology. Pre-existing confusion in the usages of terms for nucleated erythrocytes 
is thought to be clarified by the recommended terminology as illustrated by the follow- 
ing example: megaloblast, in current use is synonymous with rubriblast and likewise 
synonymous with the presently recommended term pernicious anemia type prorubri- 
cyte (Plate VII). 

It is evident from the above classification that the erythrocyte is the only cell of 
the erythrocytic series which is normally present in the peripheral blood. The presence 
of earlier stages is, therefore, abnormal and their finding is to be reported at the time 
the differential count of the leukocytes is made. In addition, there may be abnormal- 
ities in the number, size, shape, and hemoglobin content of the erythrocytes. 

The Committee has also recommended the use of the following definitions and 
terms in relation to abnormal states affecting the blood: 

Anemia. A decrease in the hemoglobin, packed cell volume, or the erythrocyte count 
of more than two standard deviations below the mean normal determined by the same 
method on the bloods of healthy individuals of the patient’s age and sex group. 

Basophilia and Basophilic. Terms which, when applied to a cell or cells of the 
erythrocytic series, as observed microscopically, indicate that the cell so described 
shows no trace of the characteristic hemoglobin color and the cytoplasm shows a strong 
affinity for basophilic dyes. With the Romanovsky stains the cytoplasm of such cells 
stains various intensities of opaque blue. Basophilic stippling is recommended instead 
of “punctate basophilia” to describe those erythrocytes which show blue-staining, 
basophilic granules scattered throughout (Plate VII). 

Erythrocytosis. The presence of an increased erythrocyte count of more than two 
standard deviations above the mean normal determined by the same method on the 
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bloods of healthy individuals of the patient’s age and sex group, and associated with 
an increased total blood volume. 

Hyperchromasia and Hyperchromatic. Terms which, when applied to the micro- 
scopic appearance of a cell or cells of the erythrocytic series, indicate that the cells 
seem to have a more intense hemoglobin color. This is never due to an increased concen- 
tration of hemoglobin, but always to an increased thickness of the cell, or cells 
observed. 

Hyperchromic. It is recommended that this term be avoided, because a significant 
increase in mean corpuscular hemoglobin concentration or saturation index is not 
known to occur. 

Hypochromasia and Hypochromatic. These are terms which, when applied to the 
microscopic appearance of a cell or cells of the erythrocytic series, indicate that the 
cells show a significant decrease in density of the characteristic hemoglobin color for 
the stained or unstained cell. This may be due either to thinness of the cell, or decreased 
concentration of hemoglobin, or both (Plate VII). 

Hypochromic. This is an adjective describing the presence of erythrocytes which 
have a mean corpuscular hemoglobin concentration or saturation index and usually 
a mean corpuscular hemoglobin or color index more than two standard deviations below 
the mean normal determined by the same method on the bloods of healthy individuals 
of the patient’s age and sex group. 

Leptocyte. This term designates a thin erythrocyte of decreased volume in relation- 
ship to its diameter, often characterized also by abnormality of shape. 

Leptocytic. This is an adjective describing a state in which leptocytosis is evident 
microscopically and the erythrocytes are hypochromic microcytic and do not revert 
to normochromic normocytic after an adequate dosage and period of administration of 
ferrous iron. 

Leptocytosis. This term designates the presence of a preponderance of leptocytes. 
Most hypochromic microcytic anemias show the presence of leptocytes. 

Macrocyte. This term designates an erythrocyte having a diameter exceeding by 
more than two standard deviations that of the mean normal determined by the same 
method on the bloods of healthy individuals of the patient’s age and sex group 
(Plate VIT). 

Macrocytic. This term is an adjective designating the presence of erythrocytes 
having a mean corpuscular volume or volume index exceeding by more than two 
standard deviations the mean normal determined by the same method on the blood of 
healthy individuals of the patient’s age and sex group, when this is not due to reticulo- 
cytosis alone. 

Macrocytosis. This term designates the presence of a preponderance of macrocytes 
observed microscopically or determined by a diffraction method. 

Microcyte. This term designates an erythrocyte having a diamuter more than two 
standard deviations below the mean normal determined by the same method on the 
bloods of healthy individuals of the patient’s age and sex group (Plate VIT). 

Microcytic. This term is an adjective describing a state in which the erythrocytes 
have a mean corpuscular volume or volume index more than two standard deviations 
below the mean normal determined by the same method on the bloods of healthy 
individuals of the patient’s age and sex group. 
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Microcytosis. This term designates the presence of a preponderance of microcytes 
observed microscopically or determined by a diffraction method. 

Normochromasia and Normochromatic. These terms, when applied to the micro- 
scopic appearance of a cell or cells oi the erythrocytic series, indicate that the cells 
appear to have their full complement of hemoglobin and no residual basophilic material 
in the cytoplasm, i.e. show normal staining characteristics. 

Normochromic. Vhis term is an adjective describing a state in which the erythro- 
cytes have a mean corpuscular hemoglobin or color index and a mean corpuscular 
hemoglobin concentration or saturation index within plus or minus two standard devia- 
tions of the mean normal determined by the same method on the bloods of healthy 
individuals of the patient’s age and sex group. 

Normocyte. This term designates an erythrocyte having a diameter within plus 
or minus two standard deviations of the mean normal determined by the same method 
on the bloods of healthy individuals of the patient’s age and sex group (Plates II, VII). 

Normocytic. This term is an adjective describing a state in which the erythrocytes 
have a mean corpuscular volume or volume index within plus or minus two standard 
deviations of the mean normal determined by the same method on the bloods of 
healthy individuals of the patient’s age and sex group. 

Ovalocyte. An elliptical erythrocyte. 

Ovalocytic. This term is an adjective describing a state in which at least 25 per cent 
of the erythrocytes have the appearance of an ellipse. 

Ovalocytosis. This term designates the presence of at least 25 per cent elliptical 
erythrocytes as observed microscopically. 

Polychromasia and Polychromatic. These terms are applied to the microscopic ap- 
pearance of a cell or cells of the erythrocytic series indicating that they show an 
admixture of the characteristic colors of hemoglobin and basophilic erythrocytic 
cytoplasm. 

Spherocyte. This term designates a spheroid erythrocyte of decreased diameter in 
relationship to its volume and having the microscopic appearance of a hyperchromatic 
microcyte. 

Spherocytic. This term is an adjective describing a state in which the mean corpus- 
cular volume or volume index is within plus or minus two standard deviations of the 
mean normal, and the mean corpuscular diameter is more than two standard deviations 
below the mean normal determined by the same method on the bloods of healthy 
individuals of the patient’s sex and age group. 

Spherocytosis. This term designates the presence of a preponderance of spherocytes 
as observed microscopically. 


NORMAL ERYTHROCYTIC STANDARDS 


It is recognized that normal human erythrocytic standards will vary to some extent 
in different parts of the world and are dependent in part on methods employed and 
degree of technical skill. The tables of normal values listed in the Handbook of Bio- 
logical Data to be published by the National Research Council, are suggested as a guide 
until the standard deviation for the particular method in use in each laboratory can be 
determinec. 
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Principles. Differential leukocyte counts are made for the purpose of determining 
the percentages of normal and abnormal leukocytes in the blood. From the percentages 
obtained in the differential count, the actual number of cells of each type per cubic 
millimeter of blood can be determined. In order to do this it is necessary to have the 
figure for the total leukocyte count which was performed on blood collected at the 
time that the blood smears were made. The conversion of the percentages to actual 
numbers of cells may be greatly facilitated by the use of especially prepared tables as 
mentioned later. In addition, the erythrocytes and thrombocytes should be examined 
at the time the differential count is done, and all abnormal findings reported. The 
possibility of detecting malarial parasites and certain other infectious agents should 
also be kept in mind during the examination of the peripheral blood smears. 

Method. 1. Inspect the blood smear under low magnification to determine if the 
cellular elements are well distributed and the staining is satisfactory. Poorly prepared 
slides are unsatisfactory and should never be used. 

2. If the smear proves satisfactory, it should be examined systematically using the 
oil-immersion objective. Each observed leukocyte is recorded. The Marbel blood cell 
calculator (Fig. 26) is very convenient for this purpose. if a slide preparation is used, 
at least four different areas should be examined, preferably along the margins of the 
heavy and thin portions of the smear well into the center of the slide. The large leuko- 
cytes tend to accumulate at the edges of a smear and the smaller forms nearer the 
center. More uniform distribution is obtained with coverglass smears. 

3. The differential count should show the percentages of the normal leukocytes, 
namely, band neutrophils, segmented neutrophils, eosinophils, basophils, lymphocytes, 
and monocytes. 

4. It is advisable to note the presence or absence of toxic neutrophils. If present, 
the degree of toxicity is estimated and reported if more than 2+. 

5. If disintegrated cells are encountered, they should be counted and their percentage 
included in the differential report. 

6. The differential count should also show the percentages of any abnormal leuko- 
cytes that may be present. These include myeloblasts, lymphoblasts, monoblasts, 
plasmablasts, progranulocytes, and eosinophil, basophil, and neutrophil myelocytes. 

7. For a high degree of accuracy, at least 400 leukocytes should be counted. Under 
routine conditions, however, the counting of 100 to 200 cells is sufficient. 

8. As stated previously, the erythrocytes should be reported upon at the same time. 
They should be examined from the standpoint of size, shape, and hemoglobin content 
(as judged from the staining). If normal in these respects, it is well to make a statement 
to that effect. If not normal, the abnormality or abnormalities should be reported. 
These may include one or more of the following: macrocytosis, microcytosis, sphero- 
cytosis, sickle cells, ovalocytosis, leptocytosis, hypochromia or polychromasia, as well 
as any nucleated erythrocytes that may be observed. 

9. The thrombocytes should also be noted at the time.of the differential count. 
Their numbers may be estimated as normal, increased, moderately or markedly reduced, 
or absent. . 

10. When the total leukocyte count is 1000 or less it may be necessary to examine 
several slides before 100 cells are classified. To save time, oxalated venous blood may 
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be used providing blood smears are prepared almost immediately after the collection 
of blood before the leukocytes have become distorted and difficult to classify. The 
method is as follows: (a) centrifuge the oxalated blood at high speed for 10 to 15 
minutes (6) with a pipet remove the supernatant plasma down to the thin whitish 
layer of leukocytes which overlies the erythrocytes (c) with the same pipet, remove and 
transfer small drops of the leukocyte layer to slides and prepare smears in the same 
manner as of whole blood (d) dry quickly and stain according to the Wright method. 

11. If the total number of leukocytes classified is a multiple of 100, as 100, 200, 
300, 400 or 500, the percentage of an individual cell is readily determined. If, however, 
the total of cells classified is not a multiple of 100, the percentage of an individual cell 
may be calculated according to the formula: total cells classified is to an individual 
cell as 100 is to X, as in the following example: 


Motaliacellssclassitvecaeees. eet ie) eee aE aac 116 
Neutrophils ...... 5 A AA Oe eae yee 
9200 


12. The per cent of any type of cell may be increased or decreased without any 
change in the actual number by a change in the total leukocyte count. Thus a total 
leukocyte count, in an adult, of 4000 with 90 per cent neutrophils would seem to 
indicate a leukopenia with a neutrophilia, whereas the actual number of neutrophils 
is 3600 per c.mm. of blood, which is within normal. On the other hand, a total leuko- 
cyte count of 20,000 with 18 per cent neutrophils would seem to indicate a leukocytosis 
with a neutropenia whereas the neutrophils are actually 3600 per c.mm. of blood, 
which is likewise within normal. Consequently, the best plan at the present time is to 
report both the total numbers of the various leukocytes per c.mm. of blood and their 
percentages. The former is readily calculated from the total leukocyte count. If, for 
example, the latter is 12,500 with 77 per cent neutrophils, the actual number of these 
cells per c.mm. of blood would be 125 77 or 9625. 

Normal Differential Leukocyte Counts According to Age. The total leukocytes 
of infants and children up to at least 10 years of age is normally higher than in adults. 
The absolute numbers and percentages of the individual cells are likewise different, as 
shown in Table 4, mainly due to a larger number of lymphocytes and a smaller number 
of filamented or mature neutrophils. Thus, at birth, about 12,000 neutrophils and 3000 
lymphocytes per c.mm. of blood are usually found. By the sixth day the lymphocytes 
are around 10,000 followed by a gradual decline, reaching the normal for adults at 
about puberty. By the ninth day the neutrophils average 2000 to 7000 on through to 
adult age. There are no essential differences according to sex in either children or adults. 

In general terms the ranges of absolute numbers per c.mm. of blood and percentages 
of the individual cells in infants and children under normal conditions are shown in 
Table 10 while those for adolescents and adults are shown in Table 11. The percentages 
shown in these tables are those usually encountered in normal differential counts. In 
these tables the neutrophils include both the mature and immature forms. These may 
be counted separately for the purpose of determining shifts. 
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TABLE 10. NORMAL DIFFERENTIAL LEUKOCYTE COUNTS IN CHILDREN. 


3 months to 3 years 3 years to 5 years 5 years to 15 years 


Neutrophils | 2000-7000 (40-50%) 3000-8000 (50-60%) | 3000-7000 (55 to 65%) 


Eosinophils 25-700 (0.5-5%) 50-700 (1-5%) 50-500, (1 to 5%) 


Basophils 0-50 (0-0.5%) 0-50, (0-0.5%) 0-50 (0 to 0.5%) 


Lymphocytes | 4000-9000 (50-60%) | 2500-6000 (40-50%) | 1500-4500 (30-40%) 


Monocytes 25-700 (0.5-5%) 25-700 (0.5-5%) 25-600 (0.5-6%) 


TABLE 11. NORMAL DIFFERENTIAL COUNTS IN ADOLESCENTS. 


15 years and over 


Neutrophils 3000-7000 (60-70%) P 


Eosinophils 50-400 (1-4%) 


Basophils 0-50 (0-0.5%) 


Lymphocytes 1000-3000 (20-30%) 


Monocytes 100-600 (2-6%) 


METHOD FOR DETECTION OF SICKLE ERYTHROCYTES 


Principles. In active sicklemia with anemia the characteristic sickle erythrocytes 
may be discovered in the course of routine examinations. However, in individuals 
carrying the trait without anemia or with mild forms of the diseases, special procedures 
may be required for the demonstration of the sickling phenomenon. Sickling of sus- 
ceptible erythrocytes occurs only when the hemoglobin is reduced. The reduction of 
hemoglobin, therefore, is the basis of tests designed to induce sickling. The sealed 
preparations described later utilize the metabolic activity of the nucleated cells to 
effect the reduction of hemoglobin. British anti-lewisite (BAL), ascorbic acid, cysteine 
and other compounds have also been employed because of their active reducing proper- 
ties, but they have the disadvantage of being unstable. The effectiveness of the carbon 
dioxide method is also due to the reduction of hemoglobin. 

Methods. 1. When the disease is suspected the method of Beck and Hertz (Am. J. 
Clin. Path., 1935, 5:325) may be employed as follows: 

(a) Place from 0.2 to 0.5 ml. of saline citrate solution (3 per cent sodium citrate 
in normal saline) in a test tube. 

(6) Clean and prick the finger as in collecting blood for a count. 

(c) Collect 1 or 2 drops of blood in the tube containing the saline citrate. Invert 


and mix. 
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(d) Cover with sufficient oil to make a layer 1 cm. thick. Make sure no bubbles 
of air are under the oil. 

(e) Let the preparation stand at room temperature for 24 hours; then, with a pipet, 
introduce 0.2 to 0.5 ml. of formalin solution (0.85 gm. of sodium chloride to 1000 ml. 
of 10 per cent neutral formalin) beneath the oil layer. Thoroughly mix by forcing the 
liquids in and out of the pipet several times. Do not break up the oil layer for fear of 
letting air in too soon. Two or three minutes or more should be allowed for fixation. 
After this period the suspension is mixed again with the pipet to insure a uniform 
distribution of cells. 

(f) Remove a few drops from the tube, wipe away the excess oil from the tip, and 
place a drop on a glass slide. 

(g) Cover and examine. 

(“) The percentage is calculated in the manner of the differential leukocyte count. 

The saline-citrate, the paraffin oil, and the formalin are to be kept in separate 
bottles, stoppered and labeled. One pipet is to be used for handling the saline-citrate 
solution, one for the paraffin oil, and one for the formalin. Mark these pipets since a 
trace of formalin in the blood prior to sickling may prevent the deformity. 

Permanent preparations can be made by making smears; air dry and fix in flame. 
Stain with 1 per cent aqueous solution of fuchsin. Formalin treated cells do not stain 
well with Wright’s stain. 

2. The rapid carbon dioxide method of Hanno and Margolies (Science, 1950, 
112:109) may be conducted as follows: 

(a) Five to ten ml. of venous blood is collected in an oxalated tube. 

(b) Transfer blood to 250 ml. Erlenmeyer flask, and direct a stream of pure carbon 
dioxide gas from a small commercially available cylinder into neck of flask for 10 to 
15 seconds. 

(c) Stopper flask immediately and swirl blood gently which darkens it. 

(d) After the flask has been stoppered for 5 minutes, remove stopper and quickly 
transfer a drop of blood by pipet to a clean coverglass. 

(e) A Vaseline-sealed preparation is made immediately on a slide, and the cells 
examined with the high-dry magnification of the microscope. Speed is essential in the 
transferring of blood from the flask and making the Vaseline-rimmed preparation. When 
present, sickling is stated to be obvious and unequivocal with this method. 


METHODS FOR MEASURING ERYTHROCYTES 

Principles. The following methods are used in determining the diameters of 
erythrocytes: (a) by projection and direct measurement of tracings of the projected 
image, as in the method of Price-Jones (Brit. M. J., 1910, 2:1418); (b) by measure- 
ment of photomicrographs; (c) measuring with an eyepiece micrometer; (d) measur- 
ing with a filar micrometer; (e) by use of the diffraction method of Pijper (Brit. M. J., 
1929, 1:635) and (f) by use of a diffraction method employing the Haden-Hausser 
erythrocytometer. In the Haden method (J. Lab. & Clin. Med., 1940, 25:399) the 
mean cell diameter is read off on the scale of the Haden-Hausser erythrocytometer 
located on the wheel used to rotate the pinion. In some other methods it is calculated 
by multiplying each diameter in microns by the number of cells found with that 
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diameter, adding all the products and dividing by the total number of cells measured. 

Method of Price-Jones. 1. Prepare smears in the same manner as for differential 
counting. The films should be thin, the thinner the better, dry in air without heat. 

2. Stain with Wright’s stain for 2 minutes, and after washing with distilled water 
and drying, superstain with weak aqueous solution of eosin for 2 minutes. These details 
should always be adhered to since it is found that alterations in the fixing and staining 
reagents can produce changes in the mean diame- 
ters of the cells. 

3. Adjust some simple form of projection 
apparatus for magnification of 1000 diameters 
and project the microscopic field onto a sheet of 
paper lying on the table. Outline in pencil the red 
cells. Two diameters, maximum and minimum, of 
each cell are then measured to 0.5 mm. with a 
glass millimeter scale and may be directly ex- 
pressed in terms of microns; the mean of these 2 
measurements is accepted as the diameter value 
of the cell. The mean diameter of several hun- 
dred cells should be taken to represent the mean 
diameter for any sample of blood. 

Method of Haden. This method employs the 
Haden-Hausser erythrocytometer (Fig. 60) and 
is preferred; the technic is as follows: 

1. Prepare thin, uniform films of blood on cov- 
erglasses and stain with Wright’s stain. The cells Fig. 60. Haden-Hausser erythrocytometer. 
in the film employed should touch but not overlap. 

2. Place a few drops of 0.9 per cent sodium chloride solution on the dry stained film 
and invert the coverglass on a clean glass slide. If the film is made on a slide and 
stained, an area should be selected for reading where the film is satisfactory and the 
shape of the cells is unaltered in order to secure the best results. 


3. Place the preparation in the instrument and 

move it up and down until the inner red ring is 

wsoe centered over the inner set of holes (Fig. 61). 
Three sets of apertures are provided. For reading 


YELLOW 


with the outer set, the second red ring is used; for 
the middle set, the yellow ring. In a normal blood, 
the readings should be the same for all 3 rings 
and apertures. In an abnormal blood, this is not 


OUTSIDE 
“~~ RED 


necessarily true. The measurement of the mean 
Fig. 61. Field of view in the Haden- cell diameter is SU made with the inner nee 
Hausser erythrocytometer. ring centered over the inner set of apertures. This 
mean cell diameter is read off on the scale located 

on the wheel used to rotate the pinion. Fixed unstained films on slides may also be 
used; likewise fresh, wet unstained preparations of oxalated blood (requires a special 


chamber). Detailed directions accompany the instrument. 
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4. The average diameter of erythrocytes is 7.5 microns with a range of 7.0 to 8.0 
microns. A few cells may be smaller than 6.0 or larger than 9.0 microns. The average 
mean diameters of normal cells by the Haden method is 7.3 to 8.0 microns. An increase 
of the mean diameter is characteristic of pernicious anemia and a decrease of the iron 
deficiency anemias. In hemolytic jaundice the mean diameter is also decreased but with 
normal color, mean corpuscular volume and saturation indices because the cells are 
spherical and thicker, as determined by the mean corpuscular thickness. Aside from 
hemolytic jaundice, however, all essential clinical data on the size of erythrocytes is 
obtained by determining the mean corpuscular volume. 

Method of Nicholson. 1. Place an ocular micrometer in the eyepiece of the micro- 
scope by unscrewing the top lens and placing the micrometer so it will rest on shelf of 
eyepiece. Then replace lens. 

2. Under oil immersion, bring into focus one of the smallest squares in the central 
square millimeter of the hemocytometer. 

3. Adjust the tube length of the microscope so that the distance encompassed by 
50 graduations of the micrometer coincides with the distance across the smallest hemo- 
cytometer square which is 50 microns across. In this position, 1 division of the microm- 
eter is equal to 1 micron when using the oil immersion lens. 

4. Prepare and stain a thin blood smear in the usual manner. 

5. Remove the hemocytometer and examine the smear under oil immersion. Meas- 
ure to the nearest 0.5 microns at least 200 erythrocytes selected from different areas 
of the smear. 

6. Record by tally each erythrocyte according to its diameter and total the cells 
in each group. 

7. Plot a curve using the diameter in microns as the abscissa and the number of 
cells as the ordinate of the graph. 

The normal curve is an acute angle with slightly outcurving base. The peak is 
between 7.0 and 8.0 microns. In microcytic anemia the peak is to the left and is less 
acute. In macrocytic anemia the peak is to the right of normal and is less acute, with a 
wide base. 


METHOD FOR DETERMINING THE VOLUME THICKNESS INDEX 


Principles. The volume thickness index (Haden) increases with any tendency to 
a globular form or the spherocytosis of erythrocytes. This index remains constant wih 
constant erythrocyte shape, independent of changing erythrocyte size. The determina- 
tion is of special value in the diagnosis of congenital hemolytic jaundice in which the 
mean diameter of the erythrocytes is decreased, but the mean corpuscular volume 
within normal because of the increased thickness of the erythrocytes. The volume 
thickness index may be determined by dividing the mean corpuscular volume of the 
patient’s blood by the calculated mean corpuscular volume corresponding to the 
measured mean erythrocyte diameter. 

Procedure. 1. Determine the mean corpuscular volume of the patient’s blood. 

2. Determine the mean diameter of the patient’s erythrocytes. 

3. Take the normal mean corpuscular volume as 90 cubic microns. 

4. Take the calculated mean corpuscular volume corresponding to the mean 
diameter of erythrocytes as follows: 
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CALCULATED 
MEAN CORPUSCULAR 
MEAN DIAMETER VOLUME 
6.0 microns = 0.48 
6.5 sf =e 0.60 
7.0 ty = OFS: 
AS s = 0.90 
8.0 - Ms 1.10 
8.5 $ = 1.48 
9.0 N = 1.60 


Mean corpuscular volume observed 
90 % mean corpuscular volume calculated 
6. Calculate as per the following example: 


5. Volume thickness index 


IMeanscorpsvol> ompatient’s bloodae san en a nean 81 cubic microns 
Mean dias of patient's erythrocytes 2299. ..5.5.. 55.5 6.5 microns 
Calculated mean volume corresponding to 6.5 microns.. 0.60 

81 


90 X 0.60 = 1.50 volume thickness index 


7. The normal volume thickness index is 1.00. Haden states that typical volume 
thickness indices are as follows: pernicious anemia, 0.96; microcytic anemia, 0.91; 
obstructive jaundice, 0.75; chronic hemolytic jaundice, 1.92. 


METHODS FOR COUNTING RETICULOCYTES 


1. Prepare the stain by dissolving 1.0 gm. brilliant cresyl blue (Grubler) in 100 ml. 
of normal saline solution. Filter. The stain keeps well. 

2. Draw the stain in a leukocyte counting pipet to the mark 1.0. 

3. Draw in an air bubble and then capillary blood from a finger or the lobe of 
an ear to the mark 1.0. 

4. Draw the blood into the bulb of the pipet and mix thoroughly with the stain 
by rotating and shaking. 

5. Allow to stain in the pipet for 5 minutes. 

6. Prepare a film on a slide in the same manner as in the preparation of blood films 
for differential leukocyte counts. 

7. Allow to dry and examine the erythrocytes with an oil immersion objective. The 
reticulum stains a pale blue color. The film may be counterstained with Wright’s stain 
but this is not necessary. A restricter eyepiece is advisable. 

8. Examine 1000 erythrocytes. Record the number of reticulocytes and divide by 
10 to obtain the percentage. The normal varies from 0.5 to 1.0 per cent. 

An alternate method is as follows: 1. Smear across a slide a few drops of a 1 per 
cent alcoholic solution of brilliant cresyl blue as in preparing a blood film. 

2. Dry in the air. 

3. Place a drop of blood in the center of a coverglass and place blood side down 
on the dried stain. 

4. Let stand 10 minutes. 

5. Examine with an oil immersion objective. The thinner the preparation, the 
easier the count. 

6. Count 1000 erythrocytes, noting the number containing the bluish strands of 
reticulum. Divide this number by 10 to obtain the percentage of reticulocytes. 
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Direct Smear Method. 1. Place a small drop of a solution of brilliant cresyl blue 
on the end of a slide and allow it to dry. Many slides can be made and kept on hand 
for further use. 

2. Prick the finger or ear and place a drop of blood on the dye at one end of the 
slide. 

3. Mix the blood with the dye with a match stick or glass rod and allow to stand 
about 30 seconds. 

4. Make smear in same manner as for differential count. 

5. Stain with Wright’s or other suitable stain. 

Slides or coverglasses may be painted with 0.5 per cent alcoholic solution of bril- 
liant cresyl blue and dried. Blood films are then made in the usual way, using these 
slides or coverglasses and counterstaining with Wright’s stain. 


METHODS FOR COUNTING THROMBOCYTES (PLATELETS) 

Principles. 1. Thrombocytes are stained by the polychromic dyes and are spheric 
or ovoid, reddish to violet, granular bodies appearing as clumps in ordinary blood films. 

2. Because of their uneven distribution in the blood, ready agglutination and tend- 
ency to disintegration, no method for counting thrombocytes is satisfactory in every 
respect. They are difficult to discern because of their small size and ready attachment 
to particles of débris on the glassware or in the diluting fluid. 

3. Generally errors tend to give low counts. However, the fragmentation of 
thrombocytes or the mistaking of particles of stain, bacteria, portions of broken down 
leukocytes or erythrocytes, and counting them as thrombocytes, may give incorrectly 
high counts. 

4. All glassware should be scrupulously clean. Diluting fluids should be fresh and 
filtered frequently. If capillary blood is used, puncture of a finger is preferred. The 
hand should be immersed in warm water and opened and closed to produce active 
hyperemia. The skin should be washed with soap and water and then cleansed with 
alcohol and ether. 

5. Thrombocyte counts are made either indirectly by determining their proportion 
to the erythrocytes, or directly by enumerating them in a counting chamber. The chief 
objection to the latter is that it is not profitable to use the oil immersion magnification; 
consequently, indirect methods are preferred. 

6. It is always advisable to conduct simultaneously a duplicate examination with 
the blood of a normal individual. Usually, only well marked reductions in the thrombo- 
cytes below normal are of clinical importance. 

Fonio’s Indirect Method. 1. Prepare a finger and place a drop of 14 per cent 
aqueous solution of magnesium sulfate on the skin. Puncture through this drop. 

2, With gentle pressure allow the blood to flow into the sulfate solution. When the 
proportion is about 1 of blood to 5 of sulfate, mix thoroughly. 

3. Transfer a drop to a clean slide and make a thin smear in same manner as 
described for differential leukocyte counts. Prepare several smears. 

4. Wipe the finger clean and proceed to make a red cell count. 

5. Stain the slide with Wright’s blood stain, being sure that the stain is of proper 
reaction to stain the thrombocytes well; otherwise they may be palely stained and 
difficult to count. 
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6. Cut a small square in a circular piece of paper and place it in the ocular of the 
microscope to reduce the size of the field. 

7. Focus and count the number of erythrocytes and the number of thrombocytes in 
the field. Continue to count fields over various parts of the slide (center and both ends) 
until 1000 erythrocytes have been counted. 

8. The number of thrombocytes counted to 1000 erythrocytes is multiplied by the 
number of thousands of erythrocytes as determined by the erythrocyte count, as per 
the following formula: 
erythrocyte count 


G00 = thrombocytes per c.mm. of blood 


Number of thrombocytes counted x 

Example: Patient’s erythrocyte count is 4,500,000. The number of thrombocytes 
counted to 1000 erythrocytes is 39. Dividing the total erythrocyte count by 1000 and 
multiplying by 39 gives 175,500 as the thrombocyte count. 

9. The normal by this method is from 250,000 to 500,000 per c.mm. of blood. 

Olef’s Indirect Method. This method (J. Lab. & Clin. Med., 1935, 20:416) is as 
follows: 1. Immerse the patient’s hand in warm water. 

2. Wash with soap, water, alcohol and ether. Make a deep puncture in the finger 
without squeezing. 

3. Put 5 drops of the diluting fluid in a paraffin cup prepared by melting the 
center of a small cube of paraffin with the heated end of a glass rod. The diluting fluid, 
which must be kept in a cool place and filtered every few days, is prepared as follows: 


Soditm»enetaphosphates sess 4 ae ee Os em: 
Soditinimehloridem ssn ei... pseae ee eee 0.4 gm. 
ID EXEROSE Mme etter ti Arne Geoire aman eats 0.1 gm. 
Sods DICATDONALC het ta ewer aaa nine oe OMI yeaa 
LesHUbbinAleMCTSN Al NU! ee ole a 6 ag 600 ab beter ca 0.15 gm. 
Distilledswaten ee cee ice eee 100.0 ml. 


4. Shake the first drop of blood off the finger. 

5. Place a drop of the diluting fluid on the puncture wound and turn the hand 
over so that the blood will drop into the paraffin cup. Allow enough blood to fall into 
the cup to make a dilution approximately 1:5. This will require 1 or 2 drops. 

6. Stir with a wooden applicator, the tip of which has been dipped in melted 
paraffin. 

7. Allow to stand 1 or 2 minutes. Stir again and then, with the applicator, transfer 
a drop of this material to a glass slide. If several examinations are to be done, a heated 
glass slide placed on top of the paraffin block will keep the fluid from evaporating. 

8. Place a coverglass over the drop and allow to stand for 15 minutes. 

9. Examine with an oil immersion objective, counting the thrombocytes and 
erythrocytes until a total of 1000 erythrocytes has been counted. 

10. Make a total erythrocyte count in the usual manner. 

11. Calculate as follows: 


erythrocyte count 


Number of thrombocytes 1000 = thrombocytes per c.mm. of blood 


12. The normal average number of thrombocytes by this method is about 500,000 


per c.mm. of blood. 
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Direct Method. 1. Prepare the Rees-Ecker diluting fluid (sodium citrate 3.8 gm.; 
formalin 0.2 ml.; brilliant cresyl blue 0.1 gm.; distilled water 100 ml.). Keep in a 
glass-stoppered bottle in a refrigerator. Filter each time before use. It should be pre- 
pared at frequent intervals as old solutions sometimes produce hemolysis by oxidation 
of formaldehyde liberating formic acid. 

2. Prepare a finger and puncture. Draw blood to the mark 0.5 in an erythrocyte 
pipet and diluting fluid to 101, as for an erythrocyte count. Rapid work is necessary 
in order to prevent agglutination of the thrombocytes. 

3. Mix thoroughly for 2 minutes. 

4. Fill a counting chamber (improved Neubauer ruling) as in making a total 
erythrocyte count. 

5. Allow to stand about 10 to 15 minutes for the thrombocytes to settle. 

6. With the high dry objective, count all of the thrombocytes in the whole finely 
ruled (“red cell”) area. Thus a total of 25 groups of 16 squares is covered. Critical 
focusing is necessary for revealing the characteristic highly refractile, silvery appearing 
thrombocytes. They are lilac-colored, 14 to 4% the diameter of erythrocytes and usually 
oval, rod or comma-shaped. They may be seen singly or in groups. Great care is 
required in distinguishing them from artefacts and foreign material. 

7. The result is multiplied by 2000 to give the number of thrombocytes per c.mm. 
of blood. 


METHODS FOR DETERMINING THE COAGULATION TIME 


Principles. 1. Prolonged coagulation time may be due to diminished (a) thrombo- 
plastin (6) prothrombin (c) fibrinogen or (d) the presence in the blood of an 
anticoagulant. 

2. A determination of the coagulation time measures the clotting of blood alone, 
in the absence of tissue factors. Therefore, in collecting the blood it is necessary to 
avoid traumatization or squeezing since the exudation of tissue juice causes a shorten- 
ing of the coagulation time. Consequently, methods employing venous blood are more 
accurate than those employing capillary blood from a finger, because they are less 
likely to be mixed with tissue juices. 

3. If the blood is collected in a capillary tube or test tube, it is necessary that 
the glassware be clean and smooth. Coagulation is more rapid the narrower the tube. 
Temperature conditions must be uniform since the coagulation time becomes prolonged 
or shortened as the temperature is lowered or raised. 

4. The normal coagulation time varies with the method used; therefore, the method 
employed and the normal should be reported at the same time. 

Sabraze’s Capillary Tube Method. 1. Prepare 3 capillary tubes about 8 cm. in 
length with a diameter of 0.8 to 1.2 mm. 

2. Cleanse a finger and puncture deeply. Discard the first 2 drops of blood. 

3. Secure a third drop of freely flowing blood. Note the time. Allow each of the 
tubes to fill with blood by capillary attraction. 

4, Place the tubes on a table. At the end of 3 minutes, break off about 1 cm. length 
of tubing every 30 seconds and record the coagulating time as the interval from the 
time the blood appeared on the skin until a fibrin thread bridges the broken ends when 
they have been separated a distance of 5 mm. or more; note the time. The second and 
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third tubes may be used to check the results observed with the first tube. Great care 
and practice are required in the breaking of the tubing so as not to break the fibrin 
thread. 

5. The time between the appearance of the blood and the filling of the tubes and 
the appearance of fibrin threads is the coagulation time. The normal varies from 3 to 7 
minutes. 

Slide Method. 1. Cleanse and puncture finger as for blood count (puncture deeply 
to insure free flow of blood). 

2. Place several drops on a clean slide (the drops should be about 4 or 5 millimeters 
in diameter). Note the time. 

3. At half-minute intervals, draw a needle through one of the drops. As soon as 
the needle picks up fibrin threads and drags them along, coagulation has taken place. 
Note the time. 

4. The time interval between placing the drop on the slide and the formation of 
fibrin shreds is the coagulation time. The normal time is between 2 and 8 minutes. 

Lee and White’s Venous Blood Method. This method (slightly modified), is as 
follows: 

1. Rinse a sterile 10 ml. syringe fitted with a sterile 20 gauge needle with sterile 
saline solution. Rinse 2 absolutely clean test tubes, having an internal diameter of 
8 mm., with a physiologic saline solution. 

2. Conduct a venipuncture quickly and with a minimum of stasis withdraw about 
4 ml. of blood. Note the time. Remove the needle from the syringe and immediately 
discharge about 1.5 ml. blood into each test tube. 

3. If the room temperature is between 20° and 32° C., the tubes may be left at 
room temperature; if not, stand the tubes in a glass of water at 20° to 25° C. 

4. Wait 3 minutes and then tilt one of the tubes every half minute until the blood 
can no longer be dislodged by tilting. Then begin tilting second tube at same interval 
until the blood no longer flows and the tube can be inverted. Note the time. 

5. The time elapsing from the removal of blood is the coagulation time. Normally, 
it varies from 5 to 8 minutes, averaging 62 minutes. If the test tube has an internal 
diameter of 9 mm., the normal coagulation time varies from 6 to 11 minutes. 

6. The clot retraction time is frequently determined in conjunction with the coagu- 
lation time. It may readily be performed by using a third test tube, drawing the 
additional amount of blood needed, and proceeding as described below. 

Howell’s Venous Blood Method. 1. Rinse a sterile all-glass syringe and needle 
with sterile normal saline solution. This is ejected as the syringe is held in a vertical 
position so that saline solution remains in the needle and in the space between the end 
of the plunger and the needle. 

2. Conduct a venipuncture quickly and neatly to avoid tissue juice. Remove 2 ml. 
of blood. Remove the needle and run the blood into a test tube with a diameter of 
21 mm. 

3. Keep at room temperature and from time to time observe the state of fluidity. 

4. The end point is the moment when the clot is firm enough to permit inversion 
of the tube. 

5. The normal coagulation time by this method is usually 20 to 40 minutes. 
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AETHOD FOR DETERMINING THE BLEEDING TIME 

Principles. 1. The bleeding time is the time required for the blood to stop flowing 
from a deep cut in the finger or ear. 

2. It may be prolonged with a normal coagulation time, especially in thrombocyto- 
penic purpura. This may be due to some obscure change in the capillary endothelium, 
to the fact that the clot remains soft and of little value as a mechanical plug, or to 
defective capillary contractility. 

3. Normally the bleeding time is always shorter than the coagulation time, due 
largely to the ability of tissue juices to promote coagulation. 

Duke’s Method. 1. If necessary, immerse the hand in warm water or rub briskly 
to insure adequate circulation. 

2. Cleanse a finger or ear and puncture deeply so that the blood flows drop by drop 
without any squeezing. 

3. Note the time the first drop appears. 

4, Remove with filter paper each drop as it forms, care being taken not to touch 
the skin. 

5. Note the time bleeding stops spontaneously. 

6. The time interval between the appearance of the first drop and the removal of 
the last represents the bleeding time. The normal is 1 to 3 minutes, giving about 6 blots 
(Fig. 62). When the time is moderately prolonged, the twentieth blot will be about 
Y the size of the first. 


@a--- 


3 minutes 


Fig. 62. Normal bleeding time by Duke's Method (natural size). 


METHODS FOR THE DETERMINATION OF PROTHROMBIN 

Principles. 1. According to Quick (J.A.M.A., 1938, 110:1658) 4 substances are 
required for the coagulation of the blood: (a) prothrombin () thromboplastin 
(c) calcium and (d) fibrinogen. The first 3 interact to form thrombin which, in turn, 
reacts with fibrinogen to form fibrin. 

2. Since the clotting time is proportional to the concentration of thrombin, one 
may assume that it is also proportional to the concentration of prothrombin provided 
thromboplastin, calcium and fibrinogen are made constant at an adequate level, for 
under such conditions the amount of thrombin formed is dependent upon the concen- 
tration of prothrombin present in the blood. The method consists essentially in adding 
to oxalated plasma an excess of thromboplastin and then recalcifying with a fixed 
quantity of calcium chloride. The relation of the coagulation time to the concentration 
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of prothrombin is shown in Fig. 63. Examination of the curve reveals that the clotting 
time is little influenced until the concentration is reduced to below 20 per cent. Since 
the successful application of anticoagulant therapy is based on the maintenance of low 
concentrations of prothrombin, it is evident that reliable laboratory performance of the 
test is essential in order to avoid serious complications. 


70 


60 


ProthrombinCa + thromboplastin = thrombin 
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Fibrinogen + thrombin = fibrin 


Clotiing Time in Seconds 


Fig. 63. Human prothrombin curve. 
The relation of the coagulation time of recalcified plasma (with excess of thromboplastin) to the 
concentration of prothrombin. (From A. J. Quick, The Hemorrhagic Diseases and the Physiology of 
Hemostasis. Courtesy of Charles C Thomas Company.) 


Quick’s Quantitative Method. 1. Prepare the following reagents: (a) sodium 
oxalate solution, by dissolving 1.34 gm. anhydrous (C.P.) sodium oxalate in 100 ml. 
of distilled water; (6) calcium chloride solution, by dissolving 1.11 gm. anhydrous 
(C.P.) calcium chloride in 400 ml. of distilled water; (c) thromboplastin extract, by 
mixing 0.3 gm. dehydrated rabbit brain with 5 ml. of freshly prepared physiologic 
solution of sodium chloride containing 0.1 ml. of sodium oxalate solution. Incubate 
at 45° C. for 10 minutes and centrifuge at slow speed for 3 minutes to obtain a milky 
supernatant liquid free from coarse particles. The rabbit brain is prepared and de- 
hydrated as follows: carefully remove the blood vessels by stripping off the pia, 
macerate the brain in a mortar under acetone, replacing the acetone several times. 
Dry on a suction filter and store the nonadhesive, granular powder in small ampules 
from which the air is evacuated for 3 minutes, by means of an oil vacuum pump, and 
then chilled. This powder maintains its full activity over several months. It can be 


obtained from various biological supply firms. 
2. Place 0.5 ml. of sodium oxalate solution in a centrifuge tube. Add exactly 4.5 ml. 
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of blood obtained by venipuncture and mix thoroughly by inverting 2 or 3 times. 
Centrifuge for a few minutes at moderate speed and separate the clear plasma. 

3. Place 0.1 ml. of plasma in a small test tube and add 0.1 ml. of thromboplastin 
extract; then add 0.1 ml. of calcium chloride solution starting a stop watch at the 
moment of its addition. Mix gently and note the time required in seconds for the 
formation of a recognizable gel as shown by tilting the tube to a horizontal position. 
Conduct at 36° to 38° C. by preliminary warming in water bath. 

4. Normal plasma will clot in from 12 to 13 seconds and a normal control should 
be included. With a decrease in prothrombin, the clotting time is delayed. It is impor- 
tant to use fresh plasma for testing as the prothrombin content of blood is depleted 
by refrigeration. 

5. Determine one or more clotting times by this technic for normal plasmas. Call 
average value CTN. Determine one or more clotting times by this technic for patient’s 
plasma. Call average value CTP. 


100 t of | prothrombin ti 
CTP = 0G per cent 0 norMal pro rombin time 


If values for CTN fall outside of 11 to 16 
seconds the thromboplastic extract cannot be 
considered satisfactory for use with the above 
equation. 

6. According to Quick (Proc.Soc.Exper. 
Biol.&Med., 1939, 42:788), the prothrombin 
concentration in the blood of normal babies is 
essentially the same as that of normal adult 
blood. Since venous blood may be difficult to 
obtain, the test may be conducted as follows: 
A drop of blood obtained from a heel or ear 
lobe puncture is placed on a glass slide and 
mixed with a drop of equal size of thrombo- 
plastin solution. The mixture is slowly stirred 
with a fine pointed stirring rod. By hold- 
ing the slide over a light, the exact clotting 
time can be readily determined. Normal 
blood by this method will clot in 15 to 20 
seconds. 

= % Smith Bedside Method. Smith and his 

A B C colleagues (J.A.M.A., 1939, 113:380) have 

peer Gita chon recommended the following simple bedside 

rte cmtite, tye method: 1. To prepare thromboplastin, fresh 

partial retractility; C, poor retractility. lung of ox or rabbit is ground and to each 10 

grams is added 10 ml. of 0.9 per cent sodium 

chloride solution. Stir at intervals for several hours and filter through gauze. The 
extract keeps well in a refrigerator. 

2. Place 0.1 ml. of the thromboplastin extract in a small test tube. 

3. Add exactly 1.0 ml. of freshly drawn venous blood. 

4. Invert the tube once to obtain complete mixing and tilt every second or two 
until clotting is observed. 
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5. Conduct a test at the same time with the blood of a normal individual. 
6. The calculation is as follows: 


Clotting activity — clotting time of normal control 
(in percentage of normal) clotting time of patient’s blood 


x 100 


METHOD FOR DETERMINING THE "PROTHROMBIN TIME" 


This test (Howell) is useful in the diagnosis of hemophilia. The prolonged pro- 
thrombin time in this condition is probably due to the failure of the thrombocytes to 
disintegrate and release thromboplastic material. 

1. Secure 2 ml. of blood by venous puncture in a syringe which has just been 
washed with physiologic salt solution and without using suction. 

2. Immediately place in a test tube containing 0.25 ml. of a 1 per cent solution of 
oxalate in physiologic saline solution. 

3. Mix thoroughly by inverting and centrifuge. 

4. Remove the clear plasma and place 5 drops in each of four small test tubes. 

5. Add 0.5 per cent calcium chloride as follows: 


ADE nyeI ts een, Race sonnet ede tee i See ee Mee, eee 2 drops 
AIDES Ph wah a Bane tee en ae teie Cenc ae OURS a OF 3 drops 
UID Ces mere AAI cv ett la cys Meh as ena 8 4 drops 
CIATION A PARE aes, uae ree ch Mts 8 Seve ian fel 5 drops 


6. Note the time. 

7. Mix gently and observe for coagulation. When a tube can be inverted without 
disturbing the clot, coagulation is complete. Note the coagulation time of the tube 
which coagulates first. This is Howell’s “prothrombin time.” It is not a measure of 
prothrombin concentration. Blood from a normal person should be tested at the same 
time as a control. The normal Howell’s “prothrombin time” is about 10 minutes. 


METHOD FOR DETERMINING THE CALCIUM TIME 


Principles. This test is sometimes employed in obstructive jaundice to determine 
if an abnormally slow coagulation time is due to a deficiency of calcium and thus 
whether clotting can probably be hastened by the administration of calcium. Adding 
the stated amount of calcium to normal blood does not reduce the coagulation time. 
However, since it is doubtful that the blood calcium is ever reduced sufficiently to 
delay coagulation, there is little reason for the use of this test. 

Procedure. 1. Secure 2 or 3 ml. of blood by venous puncture. 

2. Place 1 ml. of blood in each of 2 test tubes having a diameter of 8 to 10 milli- 
meters. 

3. To one of the tubes add 3 drops of a 1 per cent solution of calcium chloride. 

4. Observe coagulation. If the tube containing the calcium coagulates within the 
normal time and the tube without calcium shows delayed coagulation, the prolonged 
coagulation time of the blood is considered due to a deficiency in calcium. 

Lee and Vincent’s Method. 1. Rinse two 8 mm. sterile test tubes and syringe with 
sterile saline solution. 

2. Draw blood from a vein and note the time. 

3. Place 1 ml. of blood into each test tube. 
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4. Add 6 drops of 0.5 per cent solution of calcium chloride in saline solution to 
1 tube. 

5. Rotate both tubes endwise every 30 seconds until coagulation has occurred. 

6. Take the time of coagulation in both tubes, counting the time from the first 
appearance of blood in the syringe. 

7. The normal is 5 to 8 minutes in both tubes (average 614 minutes). 


METHOD FOR DETERMINING THE CLOT RETRACTION TIME 


Principles. Retractility of a blood clot closely parallels the number of thrombo- 
cytes. When these are numerically reduced, it is delayed, partial, or poor. Retractility 
is independent of the coagulation time. The blood may coagulate in normal time but 
retractility may be very poor. It is prolonged in thrombocytopenic purpura but normal 
in hemophilia. 

Procedure. 1. Conduct venipuncture and place 3 to 5 ml. of blood in a chemically 
clean test tube. 

2. Stopper with cotton and place in an incubator at 37° C. 

3. Observe the tube at 1 hour, 18 hours and 24 hours. 

4. Normally, retraction of the clot and expression of serum are appreciable after 
1 hour and marked after 18 hours (Fig. 64). Occasionally, however, the clot of even 
normal blood fails to separate from the walls of the tube. If the clot is loosened with 
a platinum wire, however, retraction should occur promptly. 

5. Report as poor, partial or complete. 


METHODS FOR DETERMINING THE SEDIMENTATION RATE 
OF ERYURROGYTES 


Principles. 1. The true nature or mechanism of the phenomenon of erythrocyte 
sedimentation is not fully understood. Normally the rate at which erythrocytes settle 
by gravity is slightly higher in women than in men. More rapid rates are observed in 
pregnancy and a wide variety of disease states. 

2. Increased rate of sedimentation is apparently due largely to alterations in the 
plasma, especially to an increase in fibrinogen or certain globulin fractions. 

3. Sedimentation occurs because the density of erythrocytes is greater than the 
density of oxalated or citrated plasma. The most important factor affecting the phe- 
nomenon is aggregation or rouleaux formation of the erythrocytes. The larger the 
aggregates, the greater the speed and rate of their fall in plasma. The cause of in- 
creased rouleaux formation is not definitely known. Increased rouleaux formation is 
believed to be largely due to changes in the proteins of the plasma. These changes 
affect the surface dehydration or water balance on the surface of the erythrocytes. 
Sedimentation tends to be more rapid than normal in marked anemia and less rapid 
in polycythemia. In the presence of either, a “corrected” sedimentation test may be 
conducted as described below. 

Technical Factors Influencing the Sedimentation Rate. 1. The test should be 
conducted as soon as possible after the collection of blood since a greater delay causes 
a decrease in the sedimentation rate. 

2. The temperature at which the test is conducted is important since the higher 
the temperature, the greater the sedimentation rate. The laboratory temperature should 
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not be below 22° or higher than 27° C. If the blood has been chilled in a refrigerator 
it should be warmed before the test is conducted. 

3. Anticoagulants, with the probable exception of heparin, influence the sedimen- 
tation rate. Only when the anticoagulants recommended are used in proper concentra- 
tion is this influence eliminated to an acceptable degree. 

4. The bore of the tube does not influence the rate except that tubes less than 
2 mm. in internal diameter are unsatisfactory because sedimentation is uneven in such 
tubes. 

5. The length of the tube is a factor in influencing the sedimentation rate. The 
longer the tube, the greater the rate; however, the distance traversed is not directly 
proportional to the distance to be traversed, e.g., the sedimentation in a tube of 300 
mm. may be only slightly greater than in 100 mm. tube at the end of 1 hour. Greater 
changes in the sedimentation rate occur with shorter tubes due to the influence of 
packing. 

6. The inclination of the tube greatly influences the rate. Deviation of the sedimen- 
tation tube from the perpendicular position causes an acceleration of the sedimentation 
rate. 

Cutler Method. 1. Aspirate 0.1 ml. of 3.8 per cent sodium citrate solution (age does 
not matter) into a 2 ml. sterile syringe and draw venous blood to the 1 ml. mark. Draw 
back the barrel of the syringe about | cm. and gently mix the citrate solution and blood 
by tilting the syringe backward and forward several times. Collection tubes may be 
prepared beforehand carrying 0.2 ml. of 3.8 per cent sodium citrate solution and adding 
exactly 2 ml. of blood followed by gentle but thorough 
mixing. This is convenient when several tests are to be 
made. 

2. Set up the test within 40 hours by transferring 
1 ml. of the citrated blood to a Cutler sedimentation 
tube of 1 ml. capacity which is graduated into 50 mm. 
divisions with 0 at the 1 ml. level (Fig. 65). 

3. The tube should be kept in an exactly vertical 
position for 14 to 1 hour. Readings are made every 5 


Fig. 65. Cutler 
blood sedimen- 
tation tube. minutes and recorded graphically on a chart. 


2 
i 
Westergren Method. 1. Place exactly 0.5 ml. of a 
3.8 per cent solution of sodium citrate in a tube bearing a mark at the 
5 ml. level. 
2. Withdraw 5 ml. of venous blood in a dry, sterile syringe and 
place exactly 4.5 ml. in the tube containing the coagulant. Invert the 
tube 2 or 3 times to mix the blood with the citrate solution. Fig. 66. Wester- 
3. Fill a Westergren tube (Fig. 66) to exactly the 0 mark and gren blood 
; sedimentation 
place it in the rack (Fig. 67). The bottom of the tube must be pressed ries 
firmly against the rubber stopper in the base of the rack before re- 
moving the finger from the top of the tube. The tube must be held firmly by the clip 
at the top of the rack in an exactly vertical position. Readings may be made at 5-minute 
intervals over a period of 1 hour and recorded graphically on a chart, or one reading 
may be made at the end of an hour. 
Wintrobe and Landsberg Method. 1. Place 6 mg. of dry ammonium oxalate and 
4 mg. of dry potassium oxalate in a test tube. The tubes may be prepared in advance 
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by placing in them 0.5 ml. of a solution of 1.2 gm. ammonium oxalate and 0.8 gm. 
potassium oxalate in 100 ml. distilled water and evaporating the water by placing 
them in a hot-air oven. 

2. Withdraw 5 ml. of venous blood with a dry, sterile syringe and place it in an 
oxalate tube. Mix gently but thoroughly with the oxalates. 

3. With a capillary pipet, fill a Wintrobe hematocrit tube (Fig. 68) to the 10 cm. 
mark with the blood. 

4. Keep the filled tube 
in an exactly vertical posi- 
tion at room temperature 
(222) Caton] 2 Catone 
hour when the reading is 
made. 

Smith Micromethod. 
Smith (Am. J. M. Sc., 1936, 
192:73) has described the 
following “micromethod” 
for conducting the sedimen- 
tation test in the case of 
infants and children in 
whom venipuncture may 
not be practical. : : 

: F F Fig. 68. Wintrobe 
Fig. 67. Sedimentation tube support for 1. Fill the special pipet blood sedimen- 
Westergren tubes. (A, Fig. 69) with a 5 per tation tube. 
cent solution of sodium 
citrate and expel, 0.04 ml. into the bottom of an ordinary small test tube; discard the 
remainder. 

2. After cleansing the skin of the heel, great toe or a finger, puncture deeply 
enough to secure a free flow of blood. 

3. Blood is then drawn into the same pipet, three successive amounts of 0.1 ml. 
being collected and expelled into the tube containing the citrate solution. Thorough 
shaking is necessary to secure adequate mixing for preventing coagulation. 

4. The blood is then transferred to the special sedimentation tube (C, Fig. 69) by 
means of a capillary pipet (B, Fig. 69) and the test completed in the usual manner. 

Sedimentation Readings. If a record is made of the erythrocyte sedimentation at 
frequent intervals over a period of an hour, it is possible to chart a sedimentation curve 
(Fig. 70). 

The sedimentation rate denotes the velocity of sedimentation per unit of time. It is 
a common practice to express it in millimeters at the end of an hour. 

The sedimentation time denotes the time, in minutes, for the erythrocytes to settle 
to the point of packing or until sedimentation has practically ceased. The normal is 


always a matter of hours. It is seldom employed in routine work. 

Wintrobe suggests that the uncorrected as well as the corrected sedimentation rate 
and the volume of packed erythrocytes be stated. This procedure is recommended. 

Normals. The normal sedimentation rate, as determined at the end of an hour, 
depends upon the method employed and the sex of adults as follows: 

(a) Cutler method: men 0 to 8 mm.; women 0 to 10 mm. 
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Fig. 69. The Smith apparatus for determining the sedimentation rate in infants and children. 
A, pipet for measuring the citrate solution and for collecting blood; B, pipet for transferring 
citrated blood; C, special sedimentation tube. 


(6) Westergren method: men 0 to 15 mm.; women 0 to 20 mm. 

(c) Wintrobe-Landsberg method: men 0 to 6.5 mm.; women 0 to 15 mm. 

Methods for Correcting the Erythrocyte Concentration. As previously stated, 
some investigators claim that it is advisable to correct the concentration of erythro- 
cytes before conducting the sedimentation test when they are less than 4,500,000 or 
more than 5,500,000 per c.mm. of blood, or the volume of packed erythrocytes is 
less than 45 or more than 55 per cent. Cutler does not believe this necessary in his 
method in cases of anemia. When considered advisable the concentration of erythro- 


cytes may be adjusted as follows: 
X = The amount of plasma to be removed or added to obtain the desired concentration of 


erythrocytes by count. 
A = Total volume of blood in ml. to be corrected 
B = Erythrocyte count of the specimen of blood in millions per c.mm. 
C = Desired number of erythrocytes in millions per c.mm. (4,500,000). 
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in MM Time in Minutes 
5 10 165 20 25 30 35 40 45 50 55 60 


Fig. 70. Blood sedimentation chart and graphs. 


A, normal; B, clinically quiescent pulmonary tuberculosis; C, clinically active pulmonary 
tuberculosis; D, acute pyogenic infection. (From Kolmer, Clinical Diagnosis by Laboratory Exami- 
nations, 2nd ed. Courtesy of Appleton-Century-Crofts, Inc.) 


1. Make a total erythrocyte count of the specimen of blood. 

2. If the number of erythrocytes is Jess than 4,500,000 per c.mm., centrifuge 2 ml. 
of the specimen at moderate speed for 10 to 15 minutes and remove the amount of 
C—B 

I, 


plasma indicated by X = > A. Mix the balance of plasma thoroughly with 


the corpuscles and set up the test. Example: 


Total erythrocytes per c.mm. of specimen: 3,600,000. 
4,500,000 — 3,600,000 


4,500,000 


x 2 = 0.4 ml. plasma to be removed. 
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3. Ii the erythrocyte count is more than 5,500,000 per c.mm., centrifuge 3 ml. of 


B—C 
C < A to the 


remaining 2 ml. of the specimen. Mix thoroughly and set up the test. Example: 


the specimen and add the amount of plasma indicated by X = 


6,500,000 — 4,500,000 
4,500,000 


x 2 = 0.44 ml. of plasma to be added to 2 ml. of specimen. 


4. Wintrobe and Landsberg (Am. J. M. Sc., 1935, 189:102) eliminate the necessity 
of correcting the erythrocyte concentration in anemia by first determining the sedimen- 
tation rate and then the cell volume by centrifuging the hematocrit tube used in their 
method. The rate is then corrected according to the volume of cells by referring to the 
chart for correction (Fig. 71). Find the horizontal line which represents the sedimen- 
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YOLUME OF PACKED RED CELLS, ML. PER 100 ML. BLOOD 
Fig. 71. Wintrobe and Landsberg's chart for correcting the sedimentation rate for variations resulting 
from differences in the concentration of erythrocytes as measured by the volume of packed cells. 


(From Wintrobe, Clinical Hematology. Courtesy of Lea and Febiger Company.) 


tation in millimeters for 1 hour. Follow this across the chart until it intersects the 
vertical line which represents the blood cell volume per cent. Follow the nearest curved 
line until it intersects the heavy line at 42 per cent per 100 ml., if the patient is a 
woman, or the line at 47 per cent if the patient is a man. Then, at the point of inter- 
section, read the value on the horizontal line for the corrected sedimentation rate. The 
normal average sedimentation in 1 hour by this method is 9.6 mm. for healthy women 
(range 0 to 20 mm.) and 0 to 9 mm. for healthy men. 
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METHOD FOR DETERMINING THE FRAGILITY OF ERYTHROCYTES 

Principles. 1. Normally the destruction of erythrocytes goes on continually in 
the body. 

2. In certain pathologic conditions this destruction is greatly increased, usually 
resulting in hemolytic anemia. Under these circumstances it is of clinical value to 
determine whether excessive hemolysis is due chiefly to increased fragility of the 
erythrocytes, as in congenital hemolytic jaundice, or to a toxic hemolytic agent in the 
blood causing the excessive hemolysis of erythrocytes of comparatively normal fragility. 

3. Various hemolytic agents have been employed for determining the fragility of 
erythrocytes but hypotonic saline solutions are generally employed. 

4. The fragility of erythrocytes of a normal individual should always be deter- 
mined at the same time as a control. This should not be omitted. 

5. Kracke does not recommend the use of oxalated blood for the fragility test and 
states that erythrocyte counts on oxalated blood from patients with hemolytic jaundice 
are inaccurate after about 3 hours. 

Sanford Method. 1. Prepare a stock solution containing exactly 0.5 gm. chemically 
pure and freshly dried sodium chloride in 100 ml. of distilled water. Weigh on a delicate 
balance and measure in a volumetric flask. 

2. Arrange a series of 16 small test tubes in a rack and number them 25, 24, 23, 
225 2h eZ OT LOE Sl ehOr Morel an lignite ellen CEL) 

3. With a capillary pipet, place in each tube the number of drops of the stock 0.5 
per cent saline solution indicated by the number on the tube. To insure equality in 
the size of drops the pipet must always be held at the same angle for the purpose of 
securing accurate results. 

4. With the same pipet add to each tube the number of drops of distilled water 
required to bring the volume in each tube to 25 drops. Mix well. The percentage 
strength of the sodium chloride in any tube may then be found by multiplying its 
number by 0.02. 

5. Obtain 1 or 1.5 ml. of the patient’s blood from a vein with a small dry sterile 
syringe and No. 21 needle, and immediately expel 1 drop into each of the tubes. 
Mix each tube by inverting once or twice. 

6. If the blood is not added at the bedside, collect 2 ml. with a syringe and place 
in a centrifuge tube carrying 0.2 ml. of a 3.8 per cent solution of sodium citrate to 
prevent coagulation. Mix well, centrifuge thoroughly. Discard the supernatant fluid. 
Add 0.7 per cent sodium chloride solution, mix well and centrifuge. Discard the super- 
natant saline solution. Add a volume of 0.7 per cent saline solution equal to the volume 
of erythrocytes which gives a 50 per cent suspension. With a syringe and No. 21 needle, 
add 1 drop to each tube of the test. 

7. At the same time prepare a similar set of tubes with the blood of a normal 
individual as a control. This serves as a test of the accuracy of the saline solutions, and 
at the same time gives a definite standard for the interpretation of slight changes in 
fragility. The results observed with the control blood should always be reported at 
the same time. 

8. Allow the tubes to stand 2 hours at room temperature. At the end of that time 
the corpuscles will have settled to the bottom and hemolysis may be recognized by 
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the color of the supernatant fluid: Faintly pink if hemolysis is partial (“initial hemoly- 
sis”); red, with little or no sediment, if it is complete. 

9. With normal blood, hemolysis usually begins in the tube containing 0.44 or 0.42 
per cent saline solution (minimal resistance) and is complete in that containing 0.34 
per cent (maximal resistance). When a control is used, a variation of 0.02 or 0.04 may 
be considered quite definite. Sanford found the average figures for minimal and maxi- 
mal resistance in 23 cases of hemolytic jaundice to be 0.478 and 0.413 respectively; in 
chronic obstructive jaundice, 0.396 and 0.31. 


METHOD FOR EXAMINATION OF BONE MARROW 


Principles. 1. Examinations of the bone marrow during life are not infrequently 
of considerable clinical value in the diagnosis of diseases of the blood and of the blood- 
forming organs. This is especially true when the blood findings are atypical or incon- 
clusive. Under certain conditions repeated sternal bone marrow examinations may be 
useful in following the results of treatment. 

2. However, the examination of bone marrow requires unusual skill and experience. 
This is due to the difficulty so frequently encountered in the recognition of the many 
different kinds of cells present in the marrow. The task is further complicated by the 
presence of fat cells, endothelium of small blood vessels, and a framework of reticulum 
in addition to the wide variety of blood cells and their precursors at different stages 
of development. 

3. During the first few years of infancy and childhood practically all of the mar- 
row is of the red variety and highly cellular. Fat cells begin to appear between the ages 
of 5 and 7 years. At about maturity, the actively hematopoietic marrow is found only 
in the sternum, ribs, vertebrae, bones of the skull, the innominate bone, and, to some 
extent, in the proximal epiphyses of the femur and humerus. The total bone marrow 
in the adult has been calculated to vary from 1600 to 3700 gm. with only about half 
in an active state. 

4. Because of rapid autolysis, marrow examinations conducted postmortem are 
frequently unsatisfactory unless the specimen is obtained within 2 hours after death. 

Technic of Obtaining Marrow. From the standpoint of clinical diagnosis, examina- 
tions made during life are of the most interest and value, and have been undertaken 
with increasing frequency since Seyfath introduced sternal trephining in 1923. This 
method yields material which may be used to prepare smears, touch preparations, wet 
preparations for supravital staining, and blocks for sectioning. While the method of 
trephining is not very difficult, it is not as simple as sternal puncture introduced by 
Arinkin (Folia hematol., 1929, 38:233). This method is now commonly employed 
and is generally satisfactory. In some instances, however, it is necessary to resort to 
sternal trephining to obtain a suitable marrow specimen. The technic of sternal punc- 
ture is as follows: 

1. The upper portion of the body of the sternum, between the second and third 
ribs, is the site of choice because it is sturdy and marrow is consistently present. The 
manubrium is more likely to contain fat, while the lower third of the sternum is un- 
satisfactory because congenital abnormalities are common in this region. With modi- 
fications of technic marrow may also be aspirated from the iliac crest or from the 


spinous process of a lumbar vertebra. 
2. The skin is prepared as for surgery, #.¢. the area about the selected site is shaved 
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if the patient is an adult male, and the usual iodine-alcohol preparation of the skin is 
made. The entire procedure is conducted with scrupulous aseptic precautions, using 
sterile gloves, gown, towels, and instruments. 

3. The site is prepared for puncture by infiltrating the skin, deeper tissues and 
periosteum with a sterile 1 per cent solution of procaine. 

4. A short-beveled, 18-gauge needle with a lumen of 1 to 2 mm. is employed. It 
should be short to avoid bending and preferably provided with an adjustable guard, 
the Sharp needle (A. S. Aloe Company, St. Louis, Mo.) being recommended. The 
guard is set at 1 cm. if the patient is an adult, or at 0.6 to 0.2 cm. if a child; the outer 
lamina of the sternum varies considerably in thickness, ranging from 0.2 to about 5 
mm. The needle is pushed vertically with a slight rotating or boring motion into the 
sternum in the midline. A “give” is felt as the marrow cavity is entered. The needle 
is then passed about 1 or 2 mm. farther in as the cavity is normally 5 to 15 mm. in 
depth. 

5. The stylet is then removed and a sterile 5 or 10 ml. tight-fitting syringe is 
attached with the aspiration of 0.2 to 0.5 ml. of marrow without too much suction to 
avoid pain. This amount is adequate for examination, and is recommended since the 
aspiration of larger amounts gives rise to more dilution with the circulating blood. If 
nG marrow is obtained, the stylet may be replaced and the marrow cavity penetrated 
more deeply with caution. After the marrow specimen has been obtained, the needle is 
withdrawn and the wound sealed with collodion and cotton. 

6. The marrow aspirate may be prepared for examination by several methods. 
Many recommend the immediate preparation of coverglass or slide smears, in a manner 
similar to that previously described for preparing smears of the blood. Several cover- 
glass or slide smears should be made and the best ones selected for staining. They may 
be stained by the Wright method or with the May-Griinwald-Giemsa stain. The former 
is preferred since it is the procedure usually employed for staining peripheral blood. 
With Wright’s stain, it may be advisable to dilute it with an equal amount of absolute 
methyl alcohol. This is allowed to remain on the smear for 2 minutes, when water is 
added and the mixture allowed to stain for 4 to 8 minutes. 

Another method commonly employed in the preparation of marrow aspirates for 
examination is that of Schleicher and Sharp (J. Lab. & Clin. Path., 1937, 22:949). 
About 0.5 ml. of marrow is withdrawn from the sternal cavity and discharged without 
delay into a small paraffin-lined test tube, containing a sufficient amount of heparin 
to prevent coagulation. The tube is gently inverted to obtain an even mixture of the 
cellular elements. A Wintrobe hematocrit tube is filled to the “10” mark with the 
heparinized marrow and centrifuged at high speed for 5 minutes. After centrifugation 
the height of the leukocytic layer in the hematocrit is determined and an equal column 
of erythrocytes is marked on the tube. The supernatant‘plasma is drawn off with a 
pipet until the plasma column is equal to the combined leukocytic and erythrocytic 
layers. With a pipet the plasma, leukocytic, and erythrocytic layers are withdrawn and 
discharged into a paraffin-lined watch glass and thoroughly mixed. A small drop is 
transferred to a slightly warm slide, and a smear made. After the marrow preparation 
has been air-dried, it is ready for staining. 

7. When properly conducted the method is safe, causes but little discomfort and 
may be classed with such routine examinations as spinal puncture and pleural tap. 
Hemophilia may be the only contraindication on account of the danger of bleeding. 
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The most important criticism is that only a small and not necessarily representative 
sample of marrow is obtained with the chances of missing the lesions which are patch- 
ing in character, as in Gaucher’s disease and multiple myeloma. 

Normal Bone Marrow. The material obtained by sternal aspiration is diluted with 
a variable amount of blood. Consequently only qualitative examinations are recom- 
mended. A large number of quantitative estimates of normal and abnormal bone 
marrows have been made, however, and the relative percentages of nucleated cells for 
normal adults, according to Wintrobe, are approximately as follows: 
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In children the leukocyte: nucleated erythrocyte cell ratio is about 8:1, or even 
2:1, while in adults it is normally 3 or 4:1. In young children there are relatively more 
immature neutrophilic cells and more lymphocytes than in adults. 

Bone Marrow in Disease. Gross as well as microscopic changes may occur in the 
bone marrow during disease. For example, the bone marrow has an unusual red color 
in pernicious anemia in relapse. From a clinical standpoint, however, it is the informa- 
tion obtained from microscopic examination of the marrow which may be most useful. 
Specific diagnostic information may be derived from sternal puncture in pernicious 
anemia, aleukemic leukemias, multiple myeloma, metastatic neoplasma, the lipoidoses 
and certain infections such as kala-azar, histoplasmosis and malaria. In macrocytic 
anemias other than pernicious anemia, in the thrombocytopenic purpuras, agranulo- 
cytosis and certain other conditions, the examination of sternal bone marrow may also 
be very helpful in diagnosis. 

It should be emphasized that the bone marrow findings must be correlated with the 
clinical and other laboratory examinations, especially of the peripheral blood. It is not 
within the scope of this text to do more than indicate briefly the diagnostic possibilities. 
An excellent sample of the value of the method is shown in Plate IX in a case of multiple 
myeloma. 

“TE.” Certs. Hargraves and his associates have described a phagocytic phe- 
nomenon in bone marrow preparations from patients suffering from acute disseminated 
lupus erythematosus. The finding has been termed the “L.E.” cell and in its most char- 
acteristic form is a segmented leukocyte which has engulfed a round, homogeneous 
mass. In addition a second type of phagocytic cell (“tart” cell) has been described. 


126 METHODS FOR THE EXAMINATION OF THE BLOOD 


Since the latter has been found in a variety of debilitating conditions, it does not have 
the diagnostic value of the “L.E.” cell. In the “L.E.” cell, the mass, characterized by 
lack of chromatin structure, is homogeneous and “smoky” in appearance. On the other 
hand, the chromatin structure of the engulfed material in the “tart” cell is distinct and 
resembles the nucleus of a lymphocyte. 

In acute disseminated lupus erythematosus, the “L.E.” cell may be found in bone 
marrow smears prepared according to the method of Schleicher and Sharp given pre- 
viously. Citrated or oxalated marrow will also give satisfactory results, but the “L.E.” 
cells do not appear in direct bone marrow smears. It is now known that the plasma of 
most patients with acute disseminated lupus erythematosus contains some substance 
which reacts with the marrow cells to produce “L.E.” cells. The reaction will also occur 
following the brief incubation of “L.E.” plasma not only with normal human bone 
marrow but with the normal marrow of dogs, cats and several other animals. 
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NORMAL URINE 


It is not possible to define accurately a normal urine, even if the type and amount 
of diet and the fluid intake are known, because variations may occur according to 
external and internal temperatures, physical activity, physiologic variations in metabo- 
lism and the composition of plasma reaching the kidneys, but the average physical, 
chemical and microscopic composition of the urine of normal individuals may be 
summarized as shown in Table 12. 


COLLECTION 


1. Single specimens collected at varying times in the day may yield different 
results, especially in amounts of glucose and albumin; this is a reason for the varying 
reports frequently obtained from different laboratories examining specimens of urine 
of the same person collected at different times. Specimens voided 2 or 3 hours after a 
meal are likely to contain the largest amounts of glucose or albumin; those passed first 
in the morning are least likely to contain them. 

2. If any dependable data are desired regarding the quantitative composition of 
the urine, the examination of the mixed excretion for 24 hours is generally necessary. 
No quantitative test can be of much clinical value unless a sample of the mixed 24-hour 
urine is used. In collecting the urine the bladder may be emptied at any given hour, 
e.g., 8 A.M., the urine discarded and all the urine voided from that hour up to and 
including that passed the next day at 8 a.m. saved, thoroughly mixed, accurately 
measured, and 4 to 8 ounces taken for analysis. 

3. In certain pathologic conditions it is desirable to collect both day and night 
specimens. Urine voided between 8 A.m. and 8 P.M. may be taken as the day sample 
and that voided between 8 p.m. and 8 A.M. as the night sample. 

4. Containers used for collection of urine should be chemically clean. Careful 
cleansing is required, particularly in hospital laboratories, to avoid the possibility of 
carrying over traces of albumin and sugar. Traces of syrup in insufficiently washed 
medicine bottles are sometimes responsible for errors. 

5. Contamination with vaginal discharges may account for the presence of albumin 
and pus; contamination with menstrual discharges may account for the presence of 
albumin and blood. Both should be carefully avoided, as well as contamination with 
feces. 

6. Urine to be examined for tubercle bacilli may be voided although there are 
chances of contamination with smegma bacilli. Urine for other bacteriologic exam:- 


nations should be collected aseptically, by sterile catheter, into sterile containers 
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Formation 


TABLE 12. AVERAGE NORMAL URINE. 


Glomerular filtration followed by selective tubular re-absorption. 
Tubular excretion and secretion doubtful. 


Amount 


“urbidity 


Adults: 1000 to 1600 ml. per 24 hours; children 3 to 4 times as 
much as adults per kilogram of body weight. During the day 
2 to 4 times as much voided as during the night. 


Normally clear when freshly voided but may be cloudy due to 
phosphates. All urine becomes cloudy or turbid upon standing. 
Alimentary lipuria may occur (opalescence); also from acci- 
dental contamination with oils. 


Yellow-amber due to normal pigments. 


Odor 


Reaction 


Normally aromatic due to volatile acids; especially marked in 
concentrated urine. Ammoniacal and “urinous” upon decomposi- 
tion. Peculiar odors may be due to various articles of diet and 
drugs. 


Specific gravity 


Total solids 


Albumin and 
Globulins 


Acid, due to acid phosphates and traces of organic acids. Average 
24-hour urine requires from 200 to 500 ml. of decinormal NaOH 
to neutralize the acid. 

Occasionally alkaline due to alkaline salts. All urine without pre- 
servatives becomes alkaline upon standing. 


Varies according to solids in solution from 1.010 to 1.030, averaging 
1.015 to 1.025. Of little value with random specimens; best 
determined with a sample of total 24-hour urine. 


Related to specific gravity under normal conditions. Accurate 
chemical methods preferred for estimation. Varies from 60 to 70 
grams in 24-hour urine. Decreases after 45 years of age. 


About 0.075 gm. in 24-hour urine and too small in amount for 
detection by ordinary qualitative and quantitative tests. Physio- 
logic albuminuria may occur from excessive proteins in diet. 


Bence-Jones Protein 


Contained in normal bone marrow. Normally absent in the urine. 


Proteoses 


Absent. 


Mucin 


Traces may be present. 


Nucleoprotein 


Absent. 
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TABLE 12 (Cont.). AVERAGE NORMAL URINE. 


Principal waste product of metabolism; 20 to 30 gm. in total 
24-hour urine on average diet. Estimations based on random 
samples of urine are of little or no value. Urea nitrogen 9 to 14 
gms. for 24-hour urine. 


Ammonia 


In terms of NH, about 0.6 gm. per 1000 ml. Free ammonia pro- 
duced from decomposition of urea after voiding or in cystitis 
with retention. 


Total nitrogen 


On a mixed diet 12 to 18 gms. per 24-hour urine. Varies directly 
with the protein ingested. 


Uric acid 


0.4 to 1 gm. per 24-hour urine; increased by exercise and foods 
rich in the purines. Excreted as urates and in the free state. 


Creatine 


Creatinine 


Amino acids 


In adult males 0 to 196 mg. per 24-hour urine; more commonly 
found in the urine of women; regularly in children (10 to 15 mg. 
daily). 


About 1.25 gm. per 24-hour urine. Constant and independent of 
diet. 


Total of free and combined 0.5 to 1.0 gm. in 24-hour urine. 


Hippuric acid 


Guanidine 


Glucose 


Pentose 


Levulose 


Lactose 


Lactic acid 


Galactose 


Acetone 


Diacetic acid 


Betahydroxybutyric 


acid 


About 0.7 gm. per day. 


Equivalent to an excretion of 3 to 10 mg. of guanidine base per 
24-hour urine. 


Reducing substances normally present (glycuresis) including trace 
of glucose; reduction of Fehling’s and Benedict’s reagents may 
also occur by uric acid, nucleoprotein, conjugate glycuronates 
and chloroform. 


Traces usually as the optically inactive form of arabinose. 


Usually absent. 


Minute traces may occur. 


0.05 to 0.2 gm. per 24-hour urine. Increased by severe exercise. 


Usually absent. 


Minute traces may be present, especially in the urine of young 
children. Should always be tested for routinely in preoperative 
surgical cases. 


Absent. 


Absent. 
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Bile and biliary 
pigments 


Diazo substance 


Tadican 


Chlorides 


Phosphates 


Calcium 


Drugs and Poisons 


Casts 
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TABLE 12 (Cont.). AVERAGE NORMAL URINE. 


No bilirubin. Trace urobilin. Urobilinogen (1 to 4 mg. per 24-hour 
urine) reacting in dilutions up to 1:20 of urine. No salts of 
biliary acids. 


Absent. 


4 to 20 mg. per 24-hour urine. Increased by meat diet. 


Largely sodium chloride; 10 to 16 gm. in 24-hour urine. Influenced 
by diet. 


2.5 to 3.5 gm. in 24-hour urine; 2/3 as alkaline phosphates and 
1/3 as earthy phosphates. 


0.06 to 0.2 gm. per 24-hour urine (0.1 to 0.4 gm. calculated as 
CaO). The amount is dependent upon the calcium content of the 
diet. 


Lead 0.010 to 0.100 mg. per liter; arsenic 0 to 0.15 mg. per 24- 
hour urine; mercury none unless exposed to it. 


Hyaline casts occur averaging about 1040 in 12-hour concentrated 
night urine (Addis). By ordinary methods of examination usually 
absent except occasional hyaline casts in the urine of elderly 
individuals. 


Leukocytes and Pus 


Few present; increased by contamination with vaginal discharges. 


Erythrocytes 


Epithelium 


Mucus 


Vary from none to 425,000 (average 65,750) in 12-hour night urine 
(Addis). When containing 70,000 to 100,000 the urinary sedi- | 
ment may show 4 to 10 per high power field which may be nor- 
mal. An occasional erythrocyte, therefore, is within normal. In- 
creased through contamination by uterine hemorrhage (men- 
struation, etc.); also by trauma due to catheterization. 


Few cells always present. Three main varieties: (a) Small round; 
(b) transitional and (c) squamous. 


Traces. 


Spermatozoa 


Tissue fragments 


Usually absent but may occur after nocturnal emissions; prolonged 
continence and after coitus in both sexes. 


Absent. 


Crystals 


Commonly: Uric acid and urates; calcium oxalate; phosphates ; 
calcium carbonate; ammonium biurate. Rarely: Calcium sulfate; 
cholesterol; hippuric acid. 
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(without a preservative), as it is almost impossible otherwise to avoid bacterial con- 
tamination, especially with E. coli and staphylococci. 

7. In male infants urine may be secured by applying a condom over the penis; 
or a small wide-necked bottle may be held in place by bandages or adhesive strips. 
In female infants the neck of the bottle may be passed through an oblong piece of 
adhesive plaster, firmly attached there in a way to prevent leakage, and the plaste) 
then applied over the vulva and perineum; or a glass cup, such as is used to hold feed 
in bird cages, may be kept in place over the vulva by the pressure of the diaper. An- 
other procedure is to permit the infant to lie upon a small, circular, rubber aircushion 
with an opening in the center and a small basin placed beneath the opening. 

8. In hospital laboratories special containers and portable racks may be employed 
(Figs. 72 and 73). 
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Fig. 73. The Boerner urine rack. 


PRESERVATION 


Decomposition sets in rapidly, especially in warm weather, and interferes greatly 
with all examinations. An ideal preservative should prevent the growth of bacteria and 
molds: should not interfere with the accuracy of physical, chemical and microscopic 
Seiiiiaders: should be readily soluble, of low cost, and preferably a solid. 

1. If a refrigerator is available, samples may be kept in it until examined. Samples 
for pregnancy tests must be so preserved. Avoid freezing. 

2. A small piece of camphor, sufficient to give a saturated solution, may be used. 
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3. Thymoil; if used, should not exceed 0.1 gram per 100 ml. of urine. An excess 
may interfere with albumin determinations. It is not as good as formerly surmised and 
is unsatisfactory when urine contains glucose, acetone or diacetic acid; also when urine 
is to be examined for phenol and quantitatively for phosphates or magnesium. 

4. Formalin, in proportion of 1 or 2 drops to the ounce, is the most satisfactory 
of all, especially for the preservation of the formed elements. An excess may interfere 
with tests for indican, albumin and glucose, and produce a precipitate. 

5. Boric acid, 5 grains for each 4 ounces, delays decomposition but may interfere 
with glucose determinations and precipitate rhombic crystals of uric acid. 

6. Toluol may be used, especially for specimens to be examined for acetone and 
diacetic acid. Simply add enough to form a thin layer on the surface. It is a very 
satisfactory preservative for routine use. 

7. Chloroform is the least satisfactory and should not be used as it interferes with 
glucose determinations and microscopic examinations. 


PHYSICAL EXAMINATION 


Amount. 1. The amount of urine in 24 hours varies with the fluid intake and the 
quantity of water eliminated by the skin, lungs and bowels. Profuse sweating and 
diarrhea reduce the output. The volume is less in the standing position than in recum- 
bency. The output is greater upon a high than upon a low protein diet. The urine of 
the day is normally 2 to 4 times greater in amount than that excreted during the night, 
even though the total fluid intake is the same for both periods. 

2. Young children excrete from 3 to 4 times more urine than adults according to 
body weight. Women normally excrete less than men. 

3. The normal volume of urine excreted in 24 hours varies according to age as 
follows: 


I amc? Cay Sie ee tke ad eh at, cee ee ee Tee, Seton <oOlmnls 
8200.10 ‘days: Dene A Ome eee ee ee ee 100 to 300 ml. 
NORGAySEUONZ ATION Cl Smee te eee ee ee 250 to 450 ml. 
ZMODNS Ow Gy Earn eee ee ee eee 400 to 500 ml. 
EROS? ¥ CATS syst oocn eo ce Ti RMA race ere ve ae ee 500 to 600 ml. 
4 tO 8: VeaTe ccna acter Se epee oe 600 to 1000 mJ 
OP LOKLSOV.CATStideen ast Ato as ner ules Se Rey keh ce a ee 800 to 1400 ml. 


OVEr LSS VCarse een ee ee Ree een ee nea 1000 to 1600 ml. 


4. Polyuria designates an abnormal increase in volume per 24 hours; oliguria an 
abnormal decrease; anuria a total cessation of urinary excretion although the term is 
sometimes erroneously used for failure to pass urine because of complete ureteral or 
urethral obstruction; mocturia, for an increase of night urine above 500 ml. in adults 
although the term is frequently and erroneously used for increased frequency of urina- 
tion during the night without an actual abnormal increase of the total urinary output 
above normal. 

Color. 1. Normally, the urine is yellow or reddish-yellow (amber), due to the 
presence of such pigments as urochrome, urobilin, uro-erythrin and porphyrins. Dilute 
urine (polyuria) of low specific gravity is usually pale yellow or greenish-yellow, while 
concentrated or scanty urine (oliguria) is dark amber. Acid urine is usually darker than 
alkaline urine 
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2. Color may be greatly changed by the presence of blood, melanin and other 
abnormal pigments, or various drugs and poisons: 


Erythrocytes: red to brownish-red; smoky 

Hemoglobin: red to reddish-brown or black 
Hematoporphyrin and other porphyrins: port wine 
Neoprontosil: dark-red 

Pyridium: orange-red 

Santonin: golden-yellow 

Acriflavin: yellowish-green 

Methylene blue or thymol: greenish-blue 

Bilirubin and biliverdin: yellowish-green 

Urobilin in excess: dark brown 

Hemogentisic acid and other alkaptons: brown, turning black_ 
Hydroquinon or pyrocatechin: dark brown to black; smoky 
Chyle or marked contamination with petrolatum or milk: milky 


3. Vogel’s color scale is useful, the urine being filtered and viewed by transmitted 
light in a glass 3 or 4 inches in diameter: pale yellow, light yellow, yellow, reddish- 
yellow, yellowish-red, red, brownish-red, reddish-brown and brownish-black. To these 
may be added greenish-yellow, olive and milky. 

Odor. 1. Normal fresh urine has a characteristic aromatic odor due to volatile 
acids or a substance called “urinod.” It is more marked in concentrated urines. 

2. Abnormal odors may be due to foods, such as asparagus, or drugs such as oil 
of turpentine, menthol, cubebs, copaiba and sandal-wood oil. Other abnormal odors are 
as follows: 

Ammoniacal: due to decomposition of proteins 

Fruity or sweetish: probably due to acetone 

Putrid: due to hydrogen sulfide from the decomposition of pus 
or in cystinuria 

Fecal: due to contamination with feces or E. coli 


Transparency and Sediments. 1. Freshly passed urine is usually clear or trans- 
parent but may be cloudy due to the presence of phosphates or pus. The former 
disappears upon the addition of acid; the latter does not, but may become gelatinous 
(Donné’s test). A freshly passed urine may also be cloudy with bacteria, or compara- 
tively clear with numerous shreds of mucopurulent material and especially in chronic 
urethritis. 

2. A record of the transparency is only of value in comparatively fresh specimens. 
Upon standing all become cloudy with bacteria and alkaline salts as the result of 
decomposition. 

3. Upon cooling and standing, all specimens develop a faint cloud of mucus, leuko- 
cytes and epithelial cells which settle to the bottom, the so-called “nubecula.” This has 
no significance. 

4. Acid urines may develop a white or pinkish sediment of amorphous urates. 

5. Alkaline urines may develop a heavy white sediment of amorphous phosphates. 

6. Pus gives a heavy mucoid whitish sediment. 

7. Blood gives a reddish-brown smoky sediment. 

8. Bacteria give a uniform cloudiness which cannot be removed by ordinary paper 
filtration. Such urines can usually be rendered comparatively clear by adding a small 
amount of purified talc or infusorial earth, shaking well and filtering. 


134 METHODS FOR THE EXAMINATION OF URINE 
9. The following terminology is recommended: 


(a) Clear, slightiy cloudy, cloudy, very cloudy. 
(b) Sediment: Slight, moderate or heavy; white, pinkish, red, 
brown, reddish-brown; shreds present or absent. 


METHODS FOR DETERMINATION OF REACTION 


Principles. 1. Normally, the mixed 24-hour specimen is slightly acid in reaction, 
due largely to the monobasic (chiefly monosodium) salts of phosphoric acid plus small 
amounts of free organic acids (uric, lactic and hippuric). As a result, the usual total 
acidity of 24-hour urine requires from 200 to 500 ml. of N/10 sodium hydroxide to 
neutralize the acid. In terms of pH the average normal is about 6.0 but the range in 
health may vary from as low as 4.6 to as high as 8.0. No single test may be accepted 
as giving the range for any individual. Indeed, normality is characterized by variability. 

2. Water excretion, emotional status, exercise, fatigue, meals and rate of pulmonary 
ventilation are all factors affecting urinary reaction. 

3. As shown by Leathes, the urine passed a short time after rising in the morning 
may be less acid than that found during sleep (morning alkaline tide) which he 
ascribed to depression of the respiratory center during sleep with the retention of 
carbon dioxide. An alkaline tide also occurs within an hour after a meal (postprandial 
alkaline tide) and sometimes freshly voided urine is both cloudy and highly alkaline 
due to phosphates (phosphaturia). 

4. The acidity of the urine is normally influenced by diet, fluid intake and also 
by various drugs. Cereals, meat and fish tend to increase it while most fruits (except 
plums, prunes and cranberries) tend to reduce it because of basic radicals (alkaline 
ash) with their rejection by the tubules. A high protein diet, however, increases acidity 
because of a production of an excess of sulfuric and phosphoric acids which are elimi- 
nated by tubular rejection. Acidity is also increased by a diet sufficiently high in fats 
to produce ketosis; also by an acid-ash diet which is more effective in the long run. 
Fasting and starvation, in which the body proteins are metabolized, also tend to 
increase the titratable acidity. 

5. The administration of large amounts of hydrochloric, phosphoric and mandelic 
acids, as well as of ammonium chloride, ammonium nitrate, ammonium mandelate, and 
calcium chloride, tend to increase the acidity of the urine. The maximum acidity at- 
tainable, however, is about pH 4.6. 

6. Alkaline urines are frequently observed in cystitis and pyelonephritis because 
of the formation of ammonia from urea by bacteria. 

7. Unless properly preserved, urine on standing, ultimately becomes alkaline be- 
cause of the formation of ammonia by contaminating bacteria. 

Qualitative Tests. For ordinary purposes the reaction may be determined with 
good grades of blue and red litmus papers: 


Blue turning red: acid 

Red turning blue: alkaline 

No change in either: neutral 

Changes both red and blue: amphoteric 


Litmus paper, however, lacks a sharp end point and fails to distinguish clearly 
between pH 6 and 7. When litmus paper is used the lower end of the strip should be 
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dipped into the urine and immediately withdrawn. The paper should not be dropped 
into urine. 

Bromthymol blue is superior to litmus. The solution is prepared by dissolving 0.04 
gm. in 100 ml. of 50 per cent ethyl alcohol. It should be yellow and prepared monthly. 
Mix 0.5 ml. of the reagent with 0.5 ml. of clear urine. Paper impregnated with this 
reagent “Hydrion 6 to 8” (Micro Essential Laboratories, 2925 Avenue L, Brooklyn, 
N. Y.) may be used. A blue color indicates alkalinity (pH of about 7 or higher) ; green, 
slight acidity (pH 6.2 to 7); yellow, definite acidity (pH 6 or less). 

Quantitative Determination of Acidity. The total acidity may be determined by 
titration according to the method of Folin as follows: 

1. Use a sample of mixed 24-hour urine, as fresh as possible, and accurately 
measured. 

2. Place 25 ml. in a small flask. Add 2 drops of 0.5 per cent aicoholic solution of 
phenolphthalein and 15 grams of neutral finely pulverized potassium oxalate. 

3. Shake for one minute and immediately titrate with N/10 sodium hydroxide 
solution, shaking after each addition, until the first permanent pink color appears. 

4. Read off amount of N/10 sodium hydroxide used. 

5. Multiply by 4 to estimate amount required for 100 ml. of urine and report 
accordingly (normally 25 to 40 ml.). 

6. Calculate and report amount required for total 24-hour specimen. Normally, 200 
to 500 ml., but in health may vary from 100 to as much as 600 ml., largely according 
to diet. 

Hydrogen Ion Concentration Methods. There are numerous methods for deter- 
mining the hydrogen ion concentration of the urine but the simplest method, satisfac- 
tory for clinical purposes, is that involving the use of nitrazine paper as follows: 

1. With a clean glass rod, transfer a drop of urine to the surface of a strip of nitra- 
zine paper (Squibb) and spread evenly by stroking or leave a small drop on the paper. 
After one minute, compare with the color chart furnished. The paper may be dipped 
into the urine three consecutive times and the excess shaken off. Compare after one 
minute. 

2. The color comparison chart reads from pH 4.5 to 7.5 in 0.5 divisions. It is 
possible to interpolate between these divisions by estimating the color half-way be- 
tween them. 

3. The average normal is about pH 6.0 but the range in health may vary from as 
low as 4.6 to as high as 8.0. 

4. A glass-electrode pH meter may be employed conveniently for the determination 
of the pH of urine. It is customary to carry out the determination at room temperature 
and report the results to the nearest 0.1 pH unit. Alkaline urines (pH over 7) usually 
contain higher concentrations of bicarbonate in equilibrium with carbonic acid; there- 

‘fore, if exposed to the air they will lose carbon dioxide and become slightly more 
alkaline than when freshly voided. 


METHODS FOR DETERMINATION OF SPECIFIC GRAVITY 
Principles. 1. The normal specific gravity of the urine varies directly according to 
the amounts of solids in solution (chiefly chlorides and urea) and inversely according 
to volume. Since the former fluctuates according to diet, and the latter according to 
fluid intake versus fluid loss through the skin, lungs and bowels, the range of normal 
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may be anywhere between 1.010 to 1.030, with a general average between 1.015 and 
2025; 

2. The first voided urine of the morning is generally more concentrated and of 
higher specific gravity than that passed during the day; a high fluid intake may readily 
reduce it below 1.010 while a low fluid intake or much fluid loss through the skin and 
lungs, by exercise or from the bowels after laxatives, may raise it to 1.030 or higher. 
Under the conditions, the specific gravity of a single random specimen of urine in health 
may readily enough fall within the upper and lower limits of the urine in disease. 

3. In disease, the specific gravity of a mixed 24-hour specimen of urine may vary 
from as low as 1.001 to as high as 1.060. The relationship between specific gravity and 
volume may be lost. Thus, while the fluid intake may be normal or rigidity restricted, 
a kidney, the function of which is seriously impaired, may be unable to concentrate 
the urine sufficiently to raise the specific gravity to 1.010; on the other hand, when the 
fluid intake is high, the excretion of a urine of low specific gravity (a feat readily 
accomplished by the normal kidney) is beyond the capacity of a seriously diseased one. 

4. If the specimen contains but a small or average amount of sediment it makes 
but little or no difference whether the urine is mixed up or the specific gravity taken 
without mixing in order to use the sediment later for microscopic examination. If, 
however, there is a large amount of sediment the specific gravity is almost always 
increased by about 0.002 after thorough mixing 
and under these circumstances unmixed urine 
is preferred. 

Procedures. For ordinary determinations 
the Squibb urinometer (Fig. 74) may be used 
as follows: 

1. Fill the cylinder without producing bub- 
bles. Take the specific gravity without first mix- 
ing the urine. 

2. Float the urinometer so that it does not 
touch the bottom or sides. 

3. Make the reading from the bottom of 
the meniscus. 


Fig. 74. Squibb Fat eas: Vogel at 4. The instrument is usually adjusted for 

urinometer. nometer. readings at 22.5° C. For increased accuracy, 

add 0.001 to the reading for each 3° C. above 

this temperature and subtract 0.001 for each 3° below. although moderate reduction 

in temperature does not influence the specific gravity as much as increased temperature. 

5. The Vogel urinometer (Fig. 75) is more accurate and consists of two spindles 
graduated respectively from 1.000 to 1.025 and from 1.025 to 1.060. 

6. In the case of urine containing large amounts of protein, correction should be 
made for the latter by subtracting 0.003 times grams of protein per 100 ml. of urine 
from the observed specific gravity. 

7. For small amounts of urine, dilute with an equal volume of distilled water, mix 
and take specific gravity. Multiply the last two figures by 2. By this method the 
specific gravity is usually 0.001 to 0.002 higher. The Saxe urino-pyknometer (Eimer | 
and Amend) may be used if at least 3 ml. of urine is available. 

8. The Exton immiscible balance (Fig. 76) supplied by the Emil Greiner Com- 
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pany, New York, may be employed for determining the specific gravity of drops of 
urine when only very small amounts are available, as in ureteral catheterization. The 
method and instrument are based on the principle of suspending the urine in an im- 
miscible medium of the same specific gravity, which is then determined by the usual 
methods, making possible rapid manipulations with minimal loss of material and 
accurate determinations. 


Fig. 76. Exton's immiscible balance. 
A drop of blood is shown in suspension. A special hydrometer is shown at the left. 


The cylindrical mixing chamber is partly filled with a mixture of varuolene (petro- 
leum ether) and carbon tetrachloride with a specific gravity of about 1.012. The side 
thistle tube is filled with varuoline and the carbon tetrachloride is kept at hand in a 
drop bottle. A drop of the urine is immersed in the mixture which is then easily and 
rapidly varied by means of the stopcock and dropper, so that the urine remains sus- 
pended near the middle. The specific gravity of the mixture is then taken by means of 
the Exton hydrometer supplied with the instrument, which gives the specific gravity 


of the urine. 
METHOD FOR ESTIMATION OF TOTAL SOLIDS 


Principles. 1. Under normal conditions the total solids present in about 1500 ml. 
of urine varies from 60 to 70 grams for a young adult of 150 pounds. After the forty 
to fifty year age period they become gradually less, amounting to about half of the 


normal after 70 years of age. 
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2. The output of urinary solids is influenced by fluid intake, diet, exercise, metabo- 
lism and kidney function. 

3. There is some relationship between the specific gravity and total solids of 
normal urine. In pathologic states different substances occurring in the urine vary 
in the extent to which they contribute to the specific gravity; thus, less than 1.5 grams 
of sodium chloride will produce as great a rise in specific gravity of urine as almost 4 
grams of albumin. For clinical purposes, however, it usually suffices to estimate the 
total solids from the specific gravity. 

Procedure. 1. If the total output of,urine for 24 hours is reported in ounces, multi- 
ply the last two figures of the specific gravity by the number of ounces voided and to 
the product add one tenth of itself. This gives the total solids in grains. Example: 


Twenty-four-hour output = 37 ounces 
Specific gravity (at 25° C.) = 1.014 
14 X 37 = 518 + 51.8 = 569.8 grains 


2. If the 24-hour specimen is reported in ml., multiply the last two figures of the 
specific gravity by Long’s coefficient, 2.66; then multiply by the total output and 
divide by 1000, which gives the total solids in grams. Example: 


Twenty-four-hour output = 1120 ml. 
Specific gravity (at 25° C.) = 1.018 
2.66 X 18 = 47.9 gm. in 1000 ml. of urine 
47.9 X 1120 


Te 53.6 gm. in 1120 ml, 


QUALITATIVE TESTS FOR ALBUMIN (PROTEIN) 


Principles. 1. Proteins, especially albumin and the globulins, are among the most 
important of the organic constituents occurring in the urine. The quantity of albumin 
usually exceeds that of the globulins and while the term “proteinuria” is more exact 
than “albuminuria,” yet the latter term is used commonly to designate that group of 
protein substances responding to the commonly employed qualitative and quantitative 
tests for albumin. 

2. Normal urine may contain a minute amount of protein (about 0.075 gm. per 
24-hour output) but this is too slight for detection by the simple tests in general use 
except when Exton’s or Spiegler’s reagents are used. 

3. All methods depend upon the precipitation of protein by chemical agents or 
coagulation by heat. Most are subject to some error largely due to the precipitation 
of mucin or other constituents. When a considerable amount of mucin is present it can 
be removed by acidifying with acetic acid and filtration. 

4. Urine to be tested for albumin should be clear, preceded by filtration or cen- 
trifugation, if necessary, in order to detect small amounts of albumin. As a general 
rule, simple filtration through ordinary filter paper is sufficient unless cloudiness is due 
to bacteria. Very large numbers of bacteria, especially dissolved organisms in alkaline 
urine, may yield faint traces of albumin. They are difficult to remove but this may be 
accomplished sufficiently for testing by centrifuging or by adding about 1 teaspoonful 
of purified talc, infusorial earth or animal charcoal to each 2 or 3 ounces, shaking well 
and filtering through two thicknesses of filter paper. Some albumin is also removed by 
adsorption. 
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5. In extremely concentrated urine certain of the salts may interfere with tests for 
albumin. In such cases dilution of the urine will render the test more definite, even 
though the concentration of albumin is thereby reduced. 

6. Albuminous urine foams markedly on shaking and the foam remains a long 
time. This gives a rough indication of the presence of albumin before tests are made. 

Methods for Recording Reactions. A wide diversity of methods for reporting 
qualitative tests is in use which accounts, in large part, for discrepancies in reports 
from different laboratories. A uniform method and terminology are urgently needed. 
The following are recommended: 


— = negative 
= = very slight trace. Cloudiness or ring can just be seen against a black 
background (0.01 per cent or less). 


+ (1) = slight trace. Cloud is distinct but not granular; no definite floccula- 
tion. Or, the ring is sufficiently definite to be seen without a black 
background (0.01 to 0.05 per cent). 


+ + (2) = moderate trace. Cloud is distinct and granular without definite floc- 
culation. Or, the ring is dense but not wholly opaque when viewed 
from above (0.05 to 0.2 per cent). 


+ + + (3) = heavy cloud. Cloud is dense with marked flocculation or the ring is 
heavy, wholly opaque and sometimes curdy (0.2 to 0.5 per cent). 


+--+ + (4) = very heavy cloud. Heavy precipitate to boiling solid; or very dense 
ring. Represents 0.5 or higher per cent of albumin; 3 per cent 
albumin boils solid. 


Heat and Acid Tests. 1. Boil about 5 ml. of clear urine in a thin walled test tube 
for 1 or 2 minutes in a bunsen flame. An alcohol lamp may be used. The tube may be 
held with a test tube clamp, or simply with a strip of paper. Otherwise, boiling may 
be conducted in a water bath. 

2. Add 3 to 5 drops of 5 per cent acetic acid, a drop at a time, or 1 to 3 drops of 
concentrated nitric acid. 

3. A white cloud or flocculent precipitate (which usually appears during the boil- 
ing, but if the quantity of albumin be very small only after the addition of the acid) 
denotes the presence of albumin. The addition of too much acid may dissolve faint 
traces of albumin and give a falsely negative reaction. 

4. A rough estimate of the amount of albumin present may be gained when the 
tube is allowed to stand over night. When the entire specimen coagulates, the albumin 
usually amounts to 2 to 3 per cent. Sediments reaching %, %, Y% and 4¢ the height 
of the column of urine correspond respectively to about 1.0, 0.5, 0.25 and 0.1 per cent 
albumin. When there is only a slight cloudiness the albumin does not usually exceed 
0.01 per cent. 

5. A similar white precipitate, which disappears upon the addition of the acid, is 
due to earthy phosphates. Effervescence upon the addition of the acid is generally due 
to carbonates from the food, notably lemonade. 

6. Resinous drugs might give a white cloud which disappears upon the addition of 
alcohol. 

7. A white cloud which appears only after cooling may be due to Bence-Jones 


protein or to primary proteose. 
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Purdy’s Test. 1. Fill a thin walled test tube about 7% full of urine. 
2. Add about 1% its volume of a saturated solution of sodium chloride (to raise 
the specific gravity and prevent the precipitation of mucin) and 5 to 10 drops of 50 


per cent acetic acid. 
3. Mix well and boil the upper portion over a bunsen burner (Fig. 77). A holder 


is unnecessary. Rotate or shake gently while heating to prevent cracking of the tube 
by condensation of steam. 


Fig. 77. Boiling urine. 


(From Bass and Johns, Practical Clinical Laboratory Diagnosis. Courtesy of Williams and 
Wilkins Company.) 


4. A white cloud in the heated portion shows the presence of albumin. A faint 
cloud is best seen when viewed against a black background (Fig. 78). Bence-Jones 
protein may produce a white cloud, which disappears upon boiling and reappears upon 
cooling. 

Sulfosalicylic Acid Test. 1. Place 1 ml. of urine in a test tube. If urine is not 
clear, it should be filtered. 

2. Add 1 ml. of the reagent prepared by dissolving 30 gm. sulfosalicyclic acid in 
1000 ml. water. 

3. Allow to stand 10 minutes. 

4. If cloudiness does not develop, albumin is absent and the reaction is negative. 
Any cloudiness indicates the presence of albumin, the density depending upon the 
amount present. The reaction may then be recorded by the symbols described pre- 
viously. 

If the urine is cloudy and cannot be cleared, the reaction should be compared with 
a tube containing water and urine. A distinct difference will be noted if albumin is 
present. This test is quite sensitive and highly recommended for routine work. 

Exton’s Test. 1. Prepare the reagent by dissolving 50 gm. of anhydrous sodium 
sulfate in 800 ml. of water with the aid of heat. Cool to 35° C. and add 50 gm. of 
sulfosalicylic acid. Dissolve and dilute with water to 1000 ml. 

2. Mix equal volumes of clear urine and reagent in a test tube. Warm the mixture 
gently; do not boil. 

3. If cloudiness does not develop in the cold, albumin is absent. If cloudiness 
appears and persists or increases on gentle heating, albumin is present. 
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4. The reaction is read while the mixture is warm, since secondary proteoses will 
cause a clouding when it cools. The Bence-Jones protein causes a heavy precipitate 
which clears partially or wholly upon boiling. 

Osgood-Haskin’s Test. 1. To 5 volumes of urine in a test tube, add 1 volume of 
a 50 per cent solution of acetic acid, followed by 3 volumes of a saturated aqueous 
solution of sodium chloride. 

2. Heat the mixture gradually to boiling. 

3. A precipitate appearing upon the addition of the acid indicates bile salts, urates, 
or resin acids, whereas a precipitate appearing after the addition of the salt solution 
suggests Bence-Jones protein, or globulin in excess of 0.38 gm. per liter. As the tem- 
perature is raised, the precipitate of Bence-Jones protein, if present, will go back into 
solution; if albumin or globulin are present, a 
precipitate will form. Therefore, this test has the 
advantage of indicating the presence of Bence- 
Jones protein as well as albumin and globulin. 

Roberts’ Test. 1. Prepare the reagent by 
adding 1 volume of concentrated nitric acid to 5 
volumes of a saturated aqueous solution of mag- 
nesium sulfate (U.S.P.). 

2. Place a few milliliters of reagent in a test 
tube, tilt the tube, and introduce the urine with 
a pipet, allowing the urine to flow gently down 
the side of the tube so as to overlay the reagent 
without mixing. If albumin is present, a fluffy 
white ring of precipitated albumin forms at the 
line of contact. 

3. Or, the test may be conducted with a pipet 
made of glass tubing with an inside diameter of 
about 5 mm. Place a few milliliters of the reagent 
in a test tube. With the pipet take up a small 
column of urine, about 1 cm. long, wipe excess 
of urine from the outside, then place the pipet 
in the test tube carefully holding the finger firmly Fig. 78. Cloud of albumin seen against a 

; dark background. 
over the upper end until the other end touches 
the bottom of the tube. Release the finger pres- 
sure gradually, allowing the reagent to rise in the pipet, forming a clear, distinct layer 
with the urine. 

4. A white ring at the junction of the reagent and urine, by either method, indicates 
albumin, the thickness and density of the ring showing the amount. No confusing color 
rings due to indican, iodides, bile pigments, or the oxidation products of organic con- 
stituents are formed, as is frequently the case when nitric acid alone (Heller’s test) 
is used. A white ring or cloudiness may form above the contact zone, due to urates or 
mucous, but such rings are less sharp, broader, and lie above the albumin ring when 


both are present. 
5. It is advantageous to adopt a standard time of 1 minute for observation of the 


ring. According to its color, the ring is seen most clearly if viewed against a white or 
a black background, as the case may be; or one side of the test glass may be painted 
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half white, half black, for this purpose. It is better, however, to use clear glass and to 
have the white or black background at a distance of several feet. 

Heller’s Test. This test is widely employed but is not quite as sensitive as Roberts’ 
test. It is conducted with concentrated nitric acid, or with the Roberts’ reagent, in the 
same manner as Roberts’ test. 


QUANTITATIVE TESTS FOR ALBUMIN (PROTEIN) 

Exton’s Test. 1. Prepare the reagent by dissolving 50 gm. of sulfosalicylic acid and 
50 gm. of anhydrous sodium sulfate in about 800 ml. of distilled water. Add 15 ml. of 
0.4 per cent aqueous solution of bromphenol blue. Make up to 1000 ml. with distilled 
water and filter through acid-washed paper. 

2. Place 3 ml. of urine in a test tube and add 3 ml. of reagent. The tube should be 
scrupulously clean and of the same dimensions as the standard tubes. 

3. Allow to stand for 5 minutes. Warm the mixture by passing the tube slowly 
through a flame several times, but do not boil. 

4. The reaction is turbidimetric and the quantity of albumin is read directly by 
comparison with a set of standard tubes representing 0, 5, 10, 20, 30, 40, 50, 60, 70, 
80, 90 and 100 mg. protein per 100 ml. of urine. These standard tubes may be obtained 
from the Standard Reagents Company, Philadelphia, Pa. Make all suspensions homoge- 
neous in the standard tubes by inverting gently. If necessary, make the reading between 
any two of the standard tubes. 

5. If the urine contains more than 100 mg. protein per 100 ml., dilute the mixture 
of urine and reagent with a diluting solution prepared by dissolving 10 gm. sodium 
sulfate in 800 ml. of distilled water and adding 5 ml. of concentrated sulfuric acid, 
25 ml. of 0.4 per cent aqueous solution of bromphenol blue and distilled water to give 
a total volume of 1000 ml. Make another reading and multiply the reading by the 
dilution. 

6. The solution of bromphenol blue is made by bringing 0.4 gm. of the dye into 
solution with 59.6 ml. of 0.01 N NaOH. The solution is brought to a final volume 
of 100 ml. with distilled water. 

7. To make the test on cloudy urines which cannot be cleared, dilute the urine with 
an equal volume of diluting solution and read against the standard tubes. Precipitate 
a similar volume of urine in the usual way and read. The difference between the read- 
ing due to turbidity and that after precipitation represents the amount of albumin. 

8. Urines containing large amounts of carbonates or other alkaline salts must be 
made acid before testing in order to prevent frothing. 

9. Because bromphenol blue develops its full “alkaline color” at pH 7, to prevent 
decomposed or alkaline urines from turning purple, they must be made acid before 
testing. 

10. If the color is very dark or unusual, the dilutions must be made with the 
diluting solution. 

11. If a precipitate resembling curdled milk appears when the reagent is added, 
the urine contains Bence-Jones protein. This may be proved by the disappearance of 
the precipitate on boiling and its reappearance as the solution cools. 

Life Insurance Test. A somewhat similar method devised by Kingsbury and his 
colleagues (J. Lab. & Clin. Med., 1926, 11:981) has been adopted by the Committee 
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on Urinary Impairments of the Association of Life Insurance Medical Directors of 
America. 

1. Permanent standards may be secured from the Standard Reagents Company, 
Philadelphia, Pa., or prepared as follows: dissolve 20 gm. of purest sheet gelatin in 
120 to 140 ml. of distilled water at 45° to 55° C. and make up to 200 ml. Add half of 
the white of an egg and stir it in thoroughly. Heat in a boiling water bath for at 
least 30 minutes after a temperature of 90° C. has been attained. Filter hot through 
a Whatman No. 4 paper, yielding a perfectly clear, slightly yellow solution. Imme- 
diately before use, add 0.3 ml. of formalin to each 100 ml. of gelatin solution. Formazin, 
the substance to be suspended in the gelatin, is made up as follows: dissolve 2.5 gm. 
of urotropin (hexamethylene tetramine) in 25 ml. of distilled water at room tempera- 
ture. Add this to 25 ml. of 1 per cent hydrazine sulfate solution also at room tempera- 
ture. Mix, stopper, and allow to stand at least 15 hours. Suspend the white amorphous 
precipitate uniformly by gently inverting the flask several times. Add 14.5 ml. of the 
formazin suspension to 100 ml. of the 10 per cent gelatin solution, to which the correct 
amount of formalin has been added, at 45° to 55° C. and mix thoroughly This pro- 
duces a turbidity equivalent to that made by an albumin solution of 0.1 per cent, or 
100 mg. in 100 ml., when precipitated by 3 volumes of 3 per cent sulfosalicylic acid. 
Dilute the stock suspension according to the following table to make the other stand- 
ards required: 


Stock Formazin Suspension 10 per cent Value of Standard Made 
Equivalent to 100 mg. Albumin Clarified 
per 100 ml. Gelatin Per cent Mg. per 100 ml. 


ml. 


74 


Pour each standard into a test tube of the same dimensions as those used in making 
the test with urine. Seal the tubes with waxed stoppers and allow to cool at room 
temperature. Keep in a well lighted room. In extremely hot weather, keep in a cool 
place. If in time they become greenish, exposure to sunlight will bleach them. There is 
no appreciable change in turbidimetric value in 6 to 8 months and only a slight change 
in a year. It is best to replace them after 10 months. 

2. Pipet 2.5 ml. of urine, cleared by filtration or centrifugalization, into a test tube 
graduated at 10 ml. and add a 3 per cent solution of sulfosalicylic acid in distilled 
water to the 10 ml. mark. Invert several times, allow to stand for 10 minutes, and 
compare the turbidity with that of the permanent standards. Record the value of the 
standard most closely matched as the albumin content of the urine. 

For values above 100 mg. per 100 ml., repeat the test with a portion of urine suffi- 
ciently diluted with water to come within the range of the standards; multiply the 


result obtained by the dilution, 
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Shevky-Stafford Test. 1. Prepare the Tsuchiya reagent by mixing 15 gm. of phos- 
photungstic acid, 50 ml. of concentrated hydrochloric acid, and 1000 ml. of 95 per 
cent ethyl alcohol. 

2. If the urine contains considerable albumin, diiute 1 ml. with 9 ml. of water. In 
urines with very scant albumin it is not necessary to dilute. Occasionally a urine is 
encountered with more than 2.8 per cent albumin, which is the maximum that can be 
determined with a 1:10 dilution. In such a case dilute 1 ml. of urine with 19 ml. of 
water. 

3. Place 4 ml. of urine (diluted or undiluted) into a special graduated centrifuge 
tube (A. H. Thomas Co., No. 3007A). Add the reagent to the 6.5 ml. mark. Mix the 
contents thoroughly by inverting the tube several times, allow to stand exactly 10 
minutes, and centrifugalize for exactly 10 minutes at 1800 r.p.m. The volume of pre- 
cipitate is read on the scale in hundredths of a milliliter. 

4. Calculate as follows: grams of albumin per 1000 ml. of urine 
=m. of precipitates & 7.2 & dilution, where dilution indicates the 
number of times the urine was diluted before the sample was meas- 
ured into the tube. 

Esbach’s Test. 1. Prepare the reagent by dissolving 10 gm. of 
picric acid and 20 gm. of citric acid in 1000 ml. of distilled water. Or, 
the reagent may be prepared by diluting 100 ml. of trichloroacetic 
acid with 900 ml. of water. The latter is preferred because the effects 
of the temperature and specific gravity of the urines are reduced to 
a minimum. 

2. Fill an Esbach-Quick albuminometer (Fig. 79) with urine to 
the mark U. Add reagent to the mark R. Close with a rubber stopper, 
Fig. 79. Esbach- invert several times and set aside in a cool place for 18 to 24 hours. 

Se ae 3. Read off the results according to the markings on the tube 
4 which show albumin in grams per 1000 ml.; to express the per cent, 
divide by 10. 


wjuafyn|yulynl, > 


TESTS FOR BENCE-JONES PROTEIN 

Principles. 1. Bence-Jones protein is characterized by the formation of a precipi- 
tate when urine is heated at 50° to 60° C. It wholly or partially disappears as the 
temperature approaches the boiling point and reappears upon cooling. It is markedly 
influenced by acidity and salt concentration. 

2. Bence-Jones protein occurs in the urine in a large percentage of cases of multiple 
myeloma as likewise in some cases of osteogenic sarcoma, osteomalacia, carcinomatous 
metastases of the bone marrow and leukemia. 

3. As previously stated, it may be detected in the heat and acid, Purdy, Exton 
and Osgood-Haskins qualitative and the Exton quantitative tests for albumin. A special 
test may be conducted as follows: 

Qualitative Test. 1. Place the urine in a water bath with a thermometer and heat 
very slowly and gently. 

2. Observe frequently. Turbidity will begin to occur at about 40° C. and precipita- 
tion will take place at about 60° C. 
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3. Now acidulate very slightly with acetic acid and raise the temperature to the 
boiling point (100° C.). The precipitate now partly or totally disappears. 

4. Allow to cool and if Bence-Jones protein is present the precipitate will reappear. 

5. Urine containing albumin should be filtered at or near the boiling point, the 
aforementioned procedures being applied to the filtrate. The addition of a few drops 
of a 1 per cent calcium chloride solution to the urine before testing frequently improves 
the response to the test. 

6. If the test is positive it is advisable to confirm the results by one or both of 
the following tests: 

(a) Precipitate the protein with nitric acid. This precipitate should disappear on 
boiling and reappear upon cooling. 

(0) Precipitate the protein with alcohol and collect immediately by centrifuging 
The precipitate should be soluble in water. 

Quantitative Test. This test may be conducted according to the method of Engel: 
fried (J. Lab. & Clin. Med., 1950, 36:137) as follows: 

1. Place approximately 50 ml. of filtered urine in a 250 ml. flask. If the urine is 
neutral or alkaline in reaction, acidify with a few drops of 5 per cent acetic acid. 

2. Coagulate the albumin by carefully heating the urine over a flame until it begins 
to boil. Intermittently shake the flask to prevent inclusion of Bence-Jones protein in 
large masses of coagulated albumin. 

3. Fit a bottle with a rubber stopper which has two holes. Insert a small funnel 
with filter paper and a piece of glass tubing for the escape of air. Place the bottle and 
filter in a large beaker with boiling water to the top level of the filter paper and filter 
the urine without cooling. 

4. When approximately one half of the urine has passed through the filter, remove 
the apparatus from the water bath and cool the filtrate to room temperature. 

5. Transfer 2.5 ml. of the filtrate to a test tube containing 7.5 ml. of 3 per cent 
sulfosalicylic acid. Mix, allow to stand for 10 minutes, and compare with the permanent 
albumin standards of Kingsbury, Clark, Williams and Post (page 143). 


TESTS: FOR PROTE@SES 

Principles. Proteoses, particularly deuteroproteose and heteroproteose (a primary 
proteose, insoluble in water but soluble in dilute salt solution), have frequently been 
found in the urine in the presence of considerable autolysis and absorption of exudates 
and tissues. They are divided into two groups, namely, primary and secondary. The 
primary proteoses are precipitated upon half saturation with ammonium sulfate and 
the secondary proteoses upon complete saturation. 

Procedure. 1. Acidify the urine with acetic acid and filter off any precipitate of 
nucleoprotein which may form. 

2. Boil for several minutes. 

3. Filter while hot to remove the albumin and globulin. 

4. Test the cooled filtrate by overlaying a saturated solution of trichloroacetic acid. 
A white ring at the point of contact indicates the presence of proteoses. 

5. If the test is positive, the primary and secondary proteoses may be separated 
by half and complete saturation with ammonium sulfate. 
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TEST FOR MUCIN 


Principles. The exact chemical nature of mucin has not been determined but it 
appears to be a glycoprotein. Traces may be present in normal urine. It is frequently 
increased in irritations and inflammations of the mucous membrane of the urinary 
tract or vagina. Upon boiling with an acid or alkali, as in Fehling’s test, it may yield 
a carbohydrate which reduces copper. Mucin must be differentiated from the Bence- 
Jones protein. 

Procedure. 1. Dilute the urine with about 3 volumes of water and make strongly 
acid with glacial acetic acid. Do not heat. 

2. The presence of turbidity indicates a positive reaction. Albumin is not precipi- 
tated by this concentration of acetic acid. 


TEST FORMTOTAL NITROGEN 


Principles. 1. The total nitrogen of urine comprises mostly the nitrogen of urea, 
uric acid, creatine, creatinine and amino acids. On a mixed diet it averages 10 to 18 gm. 
per 24-hour urine. The total nitrogen varies directly with the protein ingested and 
usually parallels the excretion of urea nitrogen. 

2. In the urine uric acid exists as the urates of sodium, potassium or ammonium, 
or in the free state, averaging about 0.4 to 1.0 gm. per 24-hour urine under average 
normal conditions. 

3. Creatine is not usually present in the urine of normal adults but may occur in 
males in varying amounts up to 0.196 gm. per 24-hour urine estimated as creatine 
nitrogen. 

4. Creatinine occurs normally in the urine in an amount approximately about 
1.25 gm. per 24-hour urine. It is quite constant and independent of diet, provided no 
preformed creatinine is ingested. Its excretion is usually in relation to muscular mass. 

5. Amino acids are eliminated in the urine in both the combined and free state, 
amounting to a total of amino acid nitrogen of 0.5 to 1.0 gm. per 24-hour urine, of 
which 0.1 to 0.15 gm. is free amino acid nitrogen. Increased urinary excretion is found 
especially in severe hepatitis with necrosis as well as in wasting states. 

6. Upon a mixed diet, under normal conditions, the partition of nitrogen is some- 
what as follows: 86.9 per cent urea nitrogen; 4.4 per cent ammonia nitrogen; 0.75 
per cent uric acid nitrogen; 3.6 per cent creatinine nitrogen and 4.3 per cent “undeter- 
mined nitrogen,” chiefly amino acids. A determination of nitrogen partition is not 
usually of clinical value. 

Haden’s Modification of the Folin-Dennis Method. 1. Measure the volume of 
the 24-hour specimen; take the specific gravity and test for albumin. 

2. Pipet 5 ml. urine into a 100 ml. volumetric flask. 

3. Dilute to the mark with distilled water and mix. 

4. With a pipet, transfer 1 ml. of the diluted urine to a dry, 200 by 25 millimeters, 
thin-walled, lipped Pyrex test tube graduated at 35 ml. and 50 ml. 

5. Add a dry glass bead and 1 ml. digestion mixture (50 per cent H.SO,). 

6. Proceed as under Determination of Nonprotein Nitrogen of the Blood (see 
Chapter 39). 

7. Set the urine sample at 15 mm. in the Duboscq colorimeter. A color solution for 
comparison is made from the standard ammonium sulfate solution (5 ml. = 0.15 mg, 
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of nitrogen) ; the nesslerization must be carried out on the comparison solution at the 
same time as on the unknown sample. Then: 


Reading of standard 
0.15 X ~~ = mg. of total N per 100 ml. of urine 


15 S55 


Or: Reading of standard x 0.02 = gm. of total N per 100 ml. of urine 
ml. volume of 24-hour specimen 


100 


= grams total urinary nitrogen per 24 hours 


Grams total nitrogen per 100 ml. x 


TESTS FOR UREA, UREA NITROGEN AND AMMONIA NITROGEN 


Principles. 1. The estimation of urea or urea nitrogen is of but little clinical value 
when a small quantity of urine taken at random is used. Estimations made at intervals 
under the same conditions of diet and exercise, however, are of much value providing 
a sample of the mixed 24-hour urine is used. 

Neither albumin nor sugar, nor any other substance likely to be present, interferes 
with the action of urease in determinations for urea or urea nitrogen. 

3. Normally, urea varies from 15 to 35 gm. and urea nitrogen from 7 to 16 gm. per 
24-hour urine on an average diet. 

4. The urine must be fresh in estimations of ammonia and urea since decomposition 
of urea increases the free ammonia after the urine has been voided. In terms of NH, 
about 0.6 gm. is normally present per 24-hour sample. 

Marshall’s Urease Test for Urea. 1. Into each of two 250 ml. Erlenmeyer flasks 
measure 5 ml. of urine and about 100 ml. of water. Add two 0.025 gm. tablets of urease 
crushed (or the equivalent amount of powdered urease) and dissolved in 5 ml. of water 
to one of the flasks. 

2. Overlay the fluid in each flask with about 1 ml. of toluol, insert corks, and let 
stand overnight at room temperature (or for 3 hours in the incubator at 37° C.). 

3. At the end of that time titrate the contents of each flask to a distinct pink color 
with decinormal hydrochloric acid, using a few drops of 0.5 per cent methyl orange 
solution as indicator. The same amount of indicator should be added to each flask and 
the end joint judged in approximately the same amount of volume by looking down 
through the mouth of the Erlenmeyer flask against a white background that is well 
lighted. 

4. The calculations are as follows: 


T = ml. of decinormal hydrochloric acid used for unknown — ml. of acid used to 
titrate the blank 
V = mil. of urine excreted in 24 hours 


My 
Te xeo003s>< = ~~ grams of urea per 24-hour urine 


Vv 
TEX OLOONA: XxX = = grams of urea nitrogen per 24-hour urine 


Van Slyke’s and Cullen’s Test for Urea, Urea Nitrogen and Ammonia. Prin- 
CIPLE. The urine sample is treated with urease at the proper pH, and the ammonia 
formed is liberated from the alkaline solution into a measured amount of 0.02 N acid 
and the excess of acid determined by titration with 0.02 N alkali (J. Biol. Chem., 


1916, 24:117). 
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Reacents. (a) Urease, 10 Per Cent Solution. Add a few drops of distilled water 
to one gram of powdered urease (Squibb’s or Arlco preparations are suitable) to form 
a uniform paste and then bring the volume of solution to 10 ml. Although this strong 
aqueous solution may keep a week or more at rooin temperature without loss of more 
than 10 per cent of its activity, it is preferable to prepare a fresh solution each day 
it is used. 

(b) Phosphate Buffer Solution. Six grams of acid potassium phosphate, KH.POx, 
and 2 gm. of anhydrous disodium hydrogen phosphate, Na»HPO,, are dissolved in 
distilled water and diluted to one liter. 

(c) Sulfuric Acid or Hydrochloric Acid. Use a 0.02 N solution prepared carefully 
from 0,1 N standard solutions. 

(d) Sodium Hydroxide. Prepare a fresh 0.02 N solution by carefully diluting the 
0.1 N standard alkali. 

(e) Potassium Carbonate. Solid finely powdered, or a saturated solution prepared 
by dissolving 900 gm. of K.CO, in one liter of distilled water. 

(f) Caprylic Alcohol. 

(g) Methyl Red, 0.05 Per Cent Alcoholic Solution. 

APPARATUS. Bank of Pyrex test tubes, 28 x 200 mm. with rubber and glass attach- 
ments as shown in Fig. 79 (A. H. Thomas Co., No. 3576). Brass filter pumps or 
aspirator. Buret, 25 ml. graduated in 0.1 ml. 

PRocEDURE. 1. Five aeration tubes are set up as shown in Fig. 80 with glass con- 
nections in well-fitting rubber stoppers with rubber tube connections. 
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Fig. 80. Aeration apparatus. 


(From Kolmer, Clinical Diagnosis by Laboratory Examinations, 2nd. ed. Courtesy of Appleton- 
Century-Crofts, Inc.) - 


2. In tube A place 20 ml. of 5 per cent sulfuric acid. This tube serves as a wash 
bottle to remove traces of ammonia that might be present in the air. 

3. Into tubes C and E pipet exactly 25 ml. of 0.02 N acid and 5 drops of methyl red. 

4. In tube D pipet 5 ml. of urine and 5 drops of caprylic alcohol. 
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5. In tube B place 5 ml. of phosphate buffer solution, and 1 ml. of the urease 
solution. Insert stoppers tightly making sure that the inlet tubes reach nearly to the 
bottom of each tube and are below the level of the solution. To tube B add 5 drops 
of caprylic alcohol and pipet into it, by means of a Van Slyke-Ostwald pipet, 0.5 ml. of 
urine. Stopper quickly and clamp the rubber tubes on tube B with Day clamps. Mix 
thoroughly, and allow the tube to stand for at least 20 minutes for the urease to act. 

6. Attach the train of tubes to the filter pump and draw air through all the tubes 
for 1 minute, to draw any ammonia that has escaped from the urine into the gas phase 
into the standard acid. 

7. Shut off the suction and add to tubes B and D, 4 to 5 gm. of solid K.CO, or 
10 ml. of the saturated solution. Stopper quickly and begin suction slowly, and after 
the first minutes gradually increase to a moderate rate. With an aeration rate of 5 liters 
per minute the aeration should be complete in 15 minutes. The necessary time should 
be determined for the setup in use, and a safe margin allowed. Generally, 30 minutes 
is sufficient time with a good suction pump. 

8. When the aeration is complete, turn off the suction gradually, and disconnect 
the filter pump from the tubes before it is completely shut off. If more than four tubes 
are in the train it is advisable to disconnect the series in the middle before stopping 
the air current. 

9. A blank analysis should be run on the reagents, using 0.5 ml. of distilled water 
in place of the urine in the tube B, and 5 ml. of distilled water in place of the urine 
in tube D. 

10. Titrate the acid remaining unneutralized in tube C and in tube E with 0.02 N 
sodium hydroxide solution. 

11. Calculation is as follows: 


, = ml. of 0.02 N sodium hydroxide used to titrate acid remaining in tube C after it 

had absorbed the ammonia from the urea plus ammonia in 0.5 ml. of urine. 

B» = ml. of 0.02 N sodium hydroxide used to titrate the acid remaining in tube C after 
it had absorbed the ammonia from the reagents used in the determination. 

C = 25 — B» which is the blank for the urea N plus the ammonia N. 

Grams of urea N + ammonia N per 100 ml. urine = 0.056 (25 — B, — C). 

E, = ml. of 0.02 N sodium hydroxide used to titrate the acid remaining in tube E after it 
had absorbed the ammonia from 5 ml. of urine. 

E» = ml. of 0.02 N sodium hydroxide used to titrate the acid remaining in tube E after it 
had absorbed the ammonia from the reagents used in the determination. 

D = 25 — E» which is the blank for the ammonia N. 

Grams of ammonia N per 100 ml. urine = 0.0056 (25 — E, — D). 


The difference between the two gives the percentage of urea nitrogen; this figure multi- 
plied by 2.14 gives the percentage of urea. Grams of ammonia nitrogen per 100 ml. 
multiplied by 1.1216 will give the grams of ammonia in 100 ml. of urine. 

Nores. 1. If the urine is unusually dilute, a larger amount may be used. 

2. Tubes that are used for nesslerization should not be employed where urease is 
used because the least trace of mercury will inactivate the enzyme. 

3. With very fast aeration, the surface of the column of acid in the receiving tube 
must be at least 5 cm. high about the inlet tube. 

4. The tubes and connections must be washed thoroughly between determinations. 
It is preferable to keep a set of tubes to be used only as receivers and another set to 


use for the urine-urease mixtures. 


150 METHODS FOR THE EXAMINATION OF URINE 


5. This method can be used with a blood determination (Chapter 39) for the calcu- 
lation of the urea clearance. 

Ormsby Test for Urea Nitrogen. This test (J. Biol. Chem., 1942, 146:595) is 
based upon the principle that when urea is heated with biacetyl monoxine in acid solu- 
tion, a yellow color develops. This color, deepened by oxidation with persulfate is 
compared in a photoelectric colorimeter with a standard urea solution. 

1. Prepare all reagents and the standard urea solution exactly as for the blood urea 
nitrogen determination (Chapter 39). 

2. Dilute urine 1 to 100 with distilled water. Place 1.0 ml. of this diluted urine in 
a test tube, add 2 ml. of distilled water and proceed exactly as for the blood urea 
nitrogen determination. 

3. Calculation: 


Reading of standard 
0.45 
4. Since the above reagent is not affected by ammonia, the urine need not be freed 
of ammonia by pretreatment with Permutit. 


x reading of unknown = gm. of urea nitrogen per 100 ml. of urine. 


MORNER TEST FOR TYROSINE 


1. Ina test tube place a small amount of crystals collected from urine, either as a 
result of spontaneous precipitation or by acetic acid separation. 

2. Add a few milliliters of reagent prepared by diluting 1 ml. of formalin with 
45 ml. of distilled water and adding 55 ml. of concentrated sulfuric acid. 

3. Heat gently to the boiling point. A green color shows the presence of tyrosine. 


QUALITATIVE TESTS=FOR* GLUGO@SE 


Principles. 1. The term “melituria” is employed to designate the presence of an 
abnormal amount of any sugar in the urine. Glucose (dextrose) is by far the most 
common and is termed glycosuria. Other sugars occasionally found in the urine are 
levulose (levulosuria), lactose (lactosuria), galactose (galactosuria) and pentose 
(pentosuria). Since all meliturias are not glycosurias, the identification of the sugar 
present in urine frequently becomes a matter of clinical importance. 

2. Traces of glucose and other sugars too small to be detected by ordinary tests 
are present in the urine in health (glycuresis). 

3. All sugars (glucose, levulose, lactose, galactose, pentose) readily reduce copper 
sulfate in alkaline solution to insoluble yellow or red cuprous oxide. Special tests are 
required for differentiating the sugars occurring in urine, which may be summarized 
as follows: 


TEST GLUCOSE LACTOSE LEVULOSE PENTOSE 
Benedict’s + “fe sf ae 
Fermentation = ae 2 ue 
Phenylhydrazine Glucosazone Lactosazone  Glucosazone  Pentosazone 
Rubner’s = Ste — a 
Seliwanoff’s — = a oe 
Bial’s os == _ si 


4. The reduction of copper in alkaline solution may be produced not only by the 
sugars but other substances if present in large amounts, including uric acid, nucleo- 
proteins and conjugate glycuronates formed after the ingestion of antipyrine, menthol, 
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phenol, camphor and chloral, as well as by chloroform used as a preservative. The 
Benedict test is recommended not only because of its sensitiveness, accuracy and 
simplicity but also because the reagent is less susceptible to reduction by uric acid and 
chloroform. 

5. If albumin is present in large amounts it may interfere with the precipitation 
of copper and should be removed by acidifying with acetic acid, boiling and filtering. 
Small amounts need not be removed. 

Benedict’s Test. 1. Prepare Benedict’s qualitative reagent by dissolving 17.3 gm. 
of cupric sulfate crystals (U.S.P.) in about 100 ml. of distilled water. Dissolve 100 gm. 
of sodium carbonate (anhydrous U.S.P.) and 173 gm. of sodium citrate (U.S.P.) in 
700 ml. of water, with the aid of heat, if necessary. Cool to room temperature and pour 
in the copper solution slowly, stirring constantly. When completely mixed, make up 
the volume to 1000 ml. with distilled water. 

2. Place 5 ml. of reagent in a test tube. Add 0.5 ml. (not more) of urine. Boil 
vigorously for 3 minutes; then allow to cool. Do not hasten cooling by immersing in 
cold water. If a large number of tests are to be conducted, the tubes may be placed 
in a boiling water bath or a beaker of boiling water. 

3. In the presence of glucose the entire solution will be filled with a bulky precipi- 
tate which may be greenish, greenish yellow, yellow, or red in color depending on the 
amount of glucose present. In the presence of over 0.25 per cent of glucose the pre- 
cipitate will form quickly. If no glucose is present the solution will remain perfectly 
clear or will show a faint turbidity due to precipitated urates. 

4. The following scheme may be used for reporting the reactions (Plate X): 


— = negative. No reduction. A green color with no precipitate is negative. 
+ = Slight trace. No reduction on boiling, but a slight greenish precipitate 
appears upon cooling. 
+ + = moderate trace. Reduction after boiling about 1 minute. 
++ + =heavy trace. Reduction after boiling about 10 to 15 seconds. 


+++ + = strongly positive. Reduction occurs almost immediately upon the addi- 
tion of the urine to the boiling reagent. 


Haines’ Test. 1. Prepare the reagent by dissolving 2 gm. of pure copper sulfate 
in 16 ml. of distilled water. Add 16 ml. of pure glycerin and mix thoroughly. Add 
156 ml. of a 5 per cent solution of potassium hydroxide. This solution keeps well. 

2. Place about 4 ml. of the reagent in a test tube and heat to boiling. No precipitate 
forms if the reagent is suitable. 

3. Add 6 to 8 drops of urine while keeping the reagent hot but not boiling. 

4. A yellow or red precipitate, which settles readily to the bottom of the tube, 
shows the presence of glucose. Neither precipitation of phosphates as a light, flocculent 
sediment nor simple decolorization of the reagent should be mistaken for a positive 
reaction. 

Fehling’s Test. 1. Prepare reagent (a) by dissolving 34.64 gm. of pure crystalline 
copper sulfate in 500 ml. of distilled water. Prepare reagent (b) by dissolving 173 gm. 
of potassium and sodium tartrate and 100 gm. of potassium hydroxide in 500 ml. 


distilled water. 
2. Place 1 ml. of each reagent in a test tube; add 6 ml. of distilled water and boil 


the mixture. 
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3. Add the urine, a few drops at a time, to the hot mixture of reagents. Heat but 
do not boil between additions. The quantity of urine used should not exceed that of 
the mixed reagents. 

4. In the presence of glucose, a heavy red or yellow precipitate appears. 

Fermentation Test. This test depends upon the fermentation of yeast by glucose 
or levulose with the production of carbon dioxide. Its chief disadvantage is the time 
required. Its chief value is as an aid in distinguishing glucose from other sugars. The 
urine must be fresh with no preservative. The test is not applicable 
to urine undergoing ammoniacal decomposition. 

1. Place 15 ml. of urine in a test tube and add a piece of fresh 
baker’s yeast about the size of a pea; mix gently to emulsify the 
yeast. 

2. Transfer to a fermentation tube; make sure the arm is free 
of bubbles of air. 

3. Place in an incubator for a few hours. 

4. A normal urine and a normal urine to which is added a pinch 
of glucose may be treated in the same manner as negative and 

Fig. 81. Einhorn sac- POSitive controls, respectively. 
charometer. 5. A positive reaction due to fermentation is indicated by the 
collection of carbon dioxide gas in the arm. 

6. If necessary, guard against gas production by bacterial fermentation by adding 
a pinch of tartaric acid (advisable if mixtures are incubated more than 4 hours). 

7. By using the Einhorn saccharometer (Fig. 81), a quantitative test may be 
conducted, as the graduations on the arm indicate with fair accuracy the percentage 
of glucose present from 0.1 to 1 per cent. 


Fig. 82. Glucosazone crystals. 


A, phenylglucosazone crystals; B, phenyllactosazone crystals; C, phenylpentosazone crysta!s. 


Phenylhydrazine Test (Kowarsky’s Method Modified by Bluemel). This test 
is based upon the formation of yellow crystalline bodies, called osazones, by glucose 
and other sugars when brought into contact with phenylhydrazine and acetates. Each 
sugar forms an osazone with a definite crystalline form although glucose and levulose 
form the same kind of crystals. The test will detect as little as 0.025 per cent of 
glucose in the urine, the crystals forming in 3 to 4 hours. It is of special value in 
differentiating glucose from other sugars occurring in the urine. 

1. In a large wide-mouthed test tube place 5 drops of pure phenylhydrazine, 10 


PLATE X 


Fig. | Fig. 2 Fig. 3 Fig. 4 Fig. 5 
Negative Trace of | percent More Than More Than 
Sugar (+) Sugar (++) | Percent 2 Percent 

(+44) (++44) 


Benedict's qualitative test for sugar in the urine. 


(From Essentials in the Management of Diabetes Mellitus. Courtesy of Eli Lilly and Company.) 
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drops of glacial acetic acid, and 1 ml. of a saturated aqueous solution of sodium 
chloride. 

2. To the curdy mass add 3 or 4 ml. of urine and 4 or 5 ml. of water. Introduce 
one or more short pieces of glass tubing to prevent bumping and boil vigorously until 
the volume is reduced to 2 or 3 ml. 

3. Set aside to cool very slowly for 15 to 30 minutes, or longer, without agitation. 

4. Examine the sediment microscopically. If glucose is present, yellow needle-like 
crystals arranged in clusters or sheaves are observed (Fig. 82). If only traces of glucose 
are present, the crystals may not appear for 1% hour or more. 

5. The test tubes may be cleansed by boiling in a 10 per cent solution of sodium 
hydroxide or acetic acid. 


QUANTITATIVE TESTS FOR GLUCOSE 

Benedict’s Test. The reagent used in this test differs from the qualitative reagent 
in that it contains potassium thiocyanate and potassium ferrocyanide. When reduction 
takes place, a white precipitate of cuprous thiocyanate is formed. The ferrocyanide 
aids in keeping cuprous oxide in solution. 

1. Prepare Benedict’s quantitative reagent by dissolving with the aid of heat 
100 gm. of anhydrous sodium carbonate in 800 ml. of distilled water in a 1 liter Pyrex 
beaker. Add and dissolve 200 gm. of sodium or potassium 
citrate (C.P.) and 125 gm. of potassium thiocyanate (C.P.). 
Filter if necessary and pour into a 1 liter volumetric flask. 
Dissolve exactly 18 gm. of copper sulfate (C.P. crystals) in 100 
ml. of distilled water and pour this solution slowly into the first 
one, shaking constantly. Add 5 ml. of a 5 per cent solution of 
potassium ferrocyanide in distilled water, cool to room tempera- 
ture, and make up to 1000 ml. in a volumetric flask with dis- 
tilled water. The copper sulfate should be weighed with extreme 
accuracy. Exactly 25 ml. of this reagent are reduced by 0.05 gm. 
of glucose. The reagent is stable for an indefinite length of time. 

2. Dilute 10 ml. of clear urine with 90 ml. of distilled water 
unless the glucose content is known to be low. 

3. Fill a 50 ml. buret with urine (diluted or undiluted). 

4. Measure exactly 25 ml. of the reagent into a porcelain 
evaporating dish, add about 15 gm. of crystalline sodium car- 
bonate or 6 gm. of anhydrous salt and 2 or 3 gm. of pumice or 
talc. 


ee 2 Heat to SOLES, over a free flame and keep the mixture 
ee aaaret glicese in boiling vigorously during the entire titration (Fig. 83). 
urine. 6. As soon as the sodium carbonate is completely dissolved, 
add the urine from the buret, rapidly at first, until a chalk-white 
precipitate forms, and the blue color begins to fade perceptibly. It is then run in a 
few drops at a time until the last trace of blue disappears from the solution. Half- 
ninute intervals must be allowed to elapse between additions of urine in the final steps 
of the titration. Water may be added if the mixture becomes too concentrated. The end 
point must be determined while the solution is still hot; upon cooling, the solution 
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tends to regain a bluish-green tint. With urine, the color of the end point tends to be a 
slight yellowish, or yellowish-green, due to urinary pigments. 

7. When the urine is diluted 1:10 as described and N is taken as the number of 
milliliters of diluted urine required, the calculation is made as follows: 


.050 
iN x 1000 = per cent of glucose. 


Example: 2480 ml. of urine voided in 24 hours 
8.2 ml. urine 1:10 required to reduce 25 ml. of reagent 


.050 
5, :-X 1000 = 6.1 per cent glucose or 151.2 gm. in the 24-hour specimen. 


8.2 
8. A short method to obtain the percentage is to divide 50 by the number of ml. 
of 1:10 dilution of urine required, as per the same example as follows: 


50 


ye 6.1 per cent glucose. 


9. If undiluted urine is used and X is taken as the number of milliliters required, 
the calculation is as follows: 


0.050 
x < 100 = per cent glucose. 
Example: 5.2 ml. undiluted urine required 


0.050 
32 < 100 = 0.96 per cent glucose 

Benedict’s Test Tube Method. 1. Place 5 ml. of Benedict’s quantitative reagent 
in a clean test tube. 

2. Add 1 or 2 grams of anhydrous sodium carbonate and an equal amount of 
pumice. 

3. Heat to boiling over bunsen burner. 

4, While boiling run into tube from a 1 ml. pipet, graduated in 0.1 ml., undiluted 
urine until the last trace of blue has disappeared. The urine should be run in slowly 
and the solution kept boiling while the urine is being added. 

5. As 5 ml. of reagent are reduced by 0.010 gram of glucose, the amount of urine 
used contains this amount. 

6. To obtain the percentage, divide 100 by the amount of urine and multiply by 
0.010: 


0.8 ml. urine required 


100 0.010 
08 x aie de 1.25 per cent glucose 


7. Or divide 1 by the amount of urine to obtain the percentage: 


08 1.25 per cent glucose 

8. If the urine contains a large amount of sugar, dilute 1:10 and calculate ac- 
cordingly. 

Sumner’s Method. 1. The reagent for this test (J. Biol. Chem., 1925, 65:393) is 
prepared as follows: (a) place 10 gm. of crystallized phenol in a volumetric flask, add 
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22 ml. of a 10 per cent solution of sodium hydroxide, dissolve in a little water and 
dilute to 100 ml. (3) in a 2 liter flask place 6.9 gm. sodium bisulfite and 69 ml. of the 
alkaline phenol solution, and then add 300 ml. of a 4.5 per cent solution of sodium 
hydroxide, 255 gm. of sodium potassium tartrate and 880 ml. of a 1 per cent solution 
of dinitrosalicylic acid (c) mix thoroughly and keep tightly stoppered in well-filled 
brown bottles in the dark. 

2. Prepare a standard solution containing 0.1 gm. of glucose dissolved in 100 ml. 
of distilled water. 

3. Dilute 1 ml. of urine with 9 ml..of distilled water in a test tube (1:10 dilution). 

4, Place 1 ml. of the diluted urine in a Folin sugar tube. If the urine is presumably 
normal, 1 ml. of undiluted urine may be used. Also place 1 ml. of the standard solution 
of glucose in a second Folin tube. 

5. Add 3 ml. of reagent to both tubes and place them in a boiling water bath for 
5 minutes. 

6. Cool the tubes for 3 minutes in running water and dilute to 25 ml. with distilled 
water. 

7. Compare the tubes in a colorimeter. The calculation is as follows: 


Reading of standard dilution 


Reading of unknown is 0 Aetues cent glucose 
8. Undiluted urines containing over 0.18 per cent of glucose, and diluted urines 
containing over 0.12 per cent of glucose, may be considered abnormal. 


TESTS FORSLAGT@SE 


Principles. Lactose is found occasionally in the urine of women during lactation 
and in patients who have been on an exclusive milk diet for a long time. It reduces 
copper solutions, although less actively than glucose, 0.0676 gm. being required for the 
reduction of 25 ml. of Benedict’s quantitative reagent. Lactose does not ferment yeast 
although bacteria may hydrolyze it into its constituents, glucose and galactose. In 
large amounts it can form phenyllactosazone crystals (Fig. 82) but is unlikely to do 
so when the test is applied directly to the urine. 

Rubner’s Test. 1. To 10 ml. of undiluted urine add 3 gm. of lead acetate (excess). 

2. Shake well and filter into a test tube. 

3. Boil the filtrate for a few seconds; add 1 ml. of concentrated ammonium 
hydroxide and boil. 

4. If lactose is present, the solution turns brick-red and a red precipitate develops 
which is the criterion. 

5. This test is not very sensitive but will detect lactose in about 0.3 to 0.5 per cent. 

6. Glucose gives a red solution with a yellow precipitate. 

Ormsby and Johnson Test. This test (J. Lab. & Clin. Med., 1949, 34:562) is 
conducted as follows: 1. Place 5 ml. of urine in a test tube, add 1 ml. of a 0.2 per cent 
aqueous solution of methylamine hydrochloride and 0.2 ml. of 10 per cent solution of 
sodium hydroxide. 

2. Mix by inversion or gentle shaking, cover and place in a water bath at 56° C. 
for 30 minutes. Remove from the bath and allow to stand at room temperature for at 
least an hour. 

3. If much lactose is present a red color develops before the heating period is 
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completed. The color increases as the tube is allowed to stand, reaching a maximum in 
about an hour. 


TESTS FOR PENTOSE 

Bial’s Test. This test depends upon the production of a greenish flocculent precipi- 
tate of furfurol when pentose is heated in a strongly acidified solution of orcinol. If 
glucose is present it must be first removed by fermentation with yeast. Pentosuria may 
be alimentary and temporary or pathologic (especially in diabetes mellitus). 

1. Prepare the reagent by dissolving 1.5 gm. of orcinol in 500 ml. of 30 per cent 
hydrochloric acid and adding 1 ml. of a 10 per cent solution of ferric chloride. 

2. Test for glucose (Benedict’s qualitative test) and, if present, first remove it by 
fermentation and filter. 

3. Place 5 ml. of the reagent in a test tube and add 2 ml. of urine. 

4. Mix and heat gently until the first few bubbles rise to the surface. Or, the urine 
may be added to the hot reagent in which case no further heating is necessary. 

5. If a pentose is present, the solution immediately, or upon cooling, becomes green 
and a flocculent precipitate of the same color may form. 

Tauber’s Test. 1. Prepare the reagent by dissolving 1 gm. of benzidine in 25 ml. 
of glacial acetic acid. This solution is stable for 4 days. 

2. Place 0.1 ml. of urine in a test tube, add 0.5 ml. of reagent and heat to vigorous 
boiling. 

3. Cool with cold water and add 1 ml. of distilled water. The presence of pentose 
is indicated by the immediate appearance of a pink to a very stable cherry-red color. 


TESTSNEOR-LEVULOSE 

Principles. Levulose (fructose), or fruit sugar, is seldom present in urine except 
in association with glucose. Its name is derived from the fact that it rotates polarized 
light to the left. It may also appear in the urine after the ingestion of large amounts 
of honey. Levulose responds to all tests for glucose and produces the same osazone 
with phenylhydrazine as glucose (Fig. 82). It may be distinguished from glucose by 
the following tests, depending upon the production of a red colored precipitate when 
levulose is heated in a strongly acidified solution of resorcinol. 

Borchardt’s Test. 1. Place 5 ml. of urine in a test tube and add 5 ml. of 25 per 
cent hydrochloric acid (conc. HCL, 2 parts; water, | part). 

2. Add a few crystals of resorcinol. 

3. Boil for not more than '% minute. (If levulose is present, a red color appears.) 

4. Cool in running water, pour into a beaker and render slightly alkaline with 
solid sodium or potassium hydroxide. 

5. Pour back into test tube, add 2 or 3 ml. of acetic ether (ethyl acetate), and 
shake. 

6. If levulose is present, the ether will be colored yellow. 

The administration of rhubarb or senna will cause a yellowish discoloration of the 
ether similar to levulose. If indican is present it should be removed by doing the 
Obermayer test. After the chloroform has extracted the indican, remove the super- 
natant fluid and reduce the acidity by adding one-third its volume of water. Proceed 


with the test omitting step 1. 
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Seliwanoff’s Test. 1. Prepare the reagent by dissolving 0.15 gm. resorcinol in a 
mixture of 100 ml. of concentrated hydrochloric acid and 200 ml. of distilled water. 

2. Place 5 ml. of reagent in a test tube, add 6 to 8 drops of urine and heat to boiling. 
Boil for not more than 20 to 30 seconds. Note the color of the fluid and whether or 
not a precipitate forms. If a red precipitate is present, pour off the supernatant fluid 
and add 4 or 5 ml. of 95 per cent ethyl alcohol. Mix and note the color of the alcohol. 

3. A positive reaction is indicated by the production of a red color and the separa- 
tion of a red precipitate after not more than 20 to 30 seconds of boiling. The precipitate 
must dissolve in alcohol and give it a bright red color. More than 2 per cent glucose 
will give a positive reaction. 


TEST FOR  GALAGTO@SE 


Principles. Galactose may occur in the urine of nursing infants with severe dis- 
turbances of the digestive tract. It may be differentiated from other reducing sugars 
(except lactose) by the formation of mucic acid. 

Procedure. 1. Place 100 ml. of urine in a broad, shallow, evaporating dish. 

2. Add 20 ml. of nitric acid and evaporate over boiling water until volume is about 
20 ml. (If the specific gravity of the urine is over 1.020, add 25 to 35 ml. of acid and 
evaporate to a volume equal to the volume of acid used.) 

3. If galactose is present, the fluid will be clear with a fine white precipitate of 
mucic acid. Lactose may give a positive reaction. 


TESTS /FOR* ACETONE 


Principles. 1. Minute traces of acetone, too small for detection by ordinary tests, 
may be present in the urine under normal conditions. This is especially true of young 
children in whom larger amounts are apt to occur in the urine. 

2. Large amounts are not uncommon in severe diabetes mellitus, when the intake 
of carbohydrates is limited, in fevers, in gastro-intestinal disorders, the toxemias of 
pregnancy and after anesthesia. In surgical cases it is a good routine practice to test 
for acetone before operations. According to Folin, acetone is usually present in only 
small amounts in these conditions, the substance found, particularly after distillation 
of the urine, being diacetic acid. 

3. The urine may be tested directly, but it is much better to distil it after adding 
a little phosphoric or hydrochloric acid to prevent foaming and to test the first few 
milliliters of the distillate. When diacetic acid is present, a considerable proportion will 
be converted into acetone during distillation. 

4. In nitroprusside tests the detection of acetone is based upon a reddish-purple 
reaction due, presumably, to the formation of ferropentacyanide with the isonitro com- 
pound of the ketone or the formation of such an ion with the isonitroamine derivative 
of the ketone. 

Ross Modification of Rothera’s Test. 1. Prepare the reagent by mixing 1 gm. of 
powdered sodium nitroprusside with 100 gm. of powdered ammonium sulfate. 

2. Place 1 gm. of the dry powdered reagent in a test tube and add 5 ml. of filtered 
or distilled urine. Mix until the powder is dissolved. Then overlay with a 28 per cent 
solution of ammonium hydroxide. 

3. A red-purple permanganate color at the line of contact indicates the presence 
of acetone. 
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Lange’s Test. 1. Prepare a fresh, saturated solution of sodium nitroprusside by 
dissolving several crystals in 1 to 2 ml. of water with gentle heating, having a slight 
excess of undissolved crystals remaining. 

2. Place 5 ml. of filtered or distilled urine in a test tube. Add 0.5 ml. of glacial 
acetic acid and 0.5 ml. of the nitroprusside solution; mix thoroughly. 

3. Tilt the tube and carefully overlay the mixture with 1 to 2 ml. of a 28 per cent 
solution of ammonium hydroxide. 

4. A purple or purplish-red ring forms at the line of contact in a few minutes if 
acetone is present. The ring tends to be more purple or violet in low concentrations, 
more red-purple in high. Amorphous urates may give a brown or orange ring if present 
in large amount. 

Rantzman’s Test. 1. Prepare the reagent by dissolving 37.5 gm. of ammonium 
nitrate crystals and 2.5 gm. of sodium nitroprusside in distilled water and muke up to 
100 ml. In a brownish glass-stoppered bottle it will keep for 2 months. 

2. To 3 ml. of urine in a test tube, add 1 ml. of the reagent. Mix and overlay with 
a 28 per cent solution of ammonium hydroxide. ; 

3. If acetone is present, a sharply defined purple or burgundy-red ring appears 
at the line of contact. The smaller the amount of acetone, the longer it takes the ring 
to appear. 

Frommer’s Test. The color reaction in this test depends upon the formation oi 
dihydroxydibenzoylacetone through the interaction of salicylaldehyde and acetone. 

1. To 10 ml. of undistilled urine in a test tube add 3 ml. of 40 per cent solution o1 
sodium hydroxide. 

2. Add 10 drops of a 10 per cent alcoholic solution of salicylaldehyde. 

3. Mix and heat the upper portion to about 70° C. (do not boil) for 5 to 10 
minutes. 

4. In the presence of acetone an orange color changing to deep red appears in the 
heated portion. A yellow to brown color is negative. 


NESTS: FOR*DIACENCsACID 


Gerhardt’s Test. The detection of diacetic (aceto-acetic) acid by this test depends 
upon the production of a bordeaux red or violet red color with a dilute solution of 
ferric chloride. Fresh urine must be used. A similar color is produced by phenols, coal 
tar antipyretics, salicylates and other compounds. 

1. To 5 ml. of urine in a test tube, add a 10 per cent aqueous solution of ferric 
chloride, drop by drop, until no further precipitate of phosphates is produced. 

2. Filter and add more ferric chloride solution or place a small amount of the 
reagent in a test tube and carefully overlay with filtrate. 

3. The development of a bordeaux red color indicates the presence of diacetic acid 
or some interfering drug requiring a confirmatory test which is conducted as follows: 

A. Place 10 ml. of urine in a beaker, add 10 ml. of distilled water and boil down 
briskly to 10 ml. Allow to cool and filter if necessary. Repeat the test as before. The 
absence of a bordeaux red color indicates that the color in the first test was due to 
diacetic acid which was either boiled off or oxidized to acetone. If the boiled urine 
gives a bordeaux red color, proceed as follows: 

5. Place 10 ml. of urine in a test tube and extract with an equal volume of chloro- 
form. Separate the chloroform and discard. Acidify the urine with 1 ml. of = 10 per cent 
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solution of sulfuric acid. Extract the mixture with an equal volume of ether. Separate 
the ether and evaporate to dryness in an evaporating dish. Dissolve the residue in 2 ml. 
of water. Add 2 drops of 10 per cent solution of ferric chloride. A bordeaux red color 
indicates the presence of diacetic acid. 

Lindemann’s Test. 1. To 10 ml. of urine in a test tube, add 5 drops of 30 per cent 
acetic acid, 5 drops of Lugol’s solution and 3 ml. of chloroform. 

2. Shake well and allow chloroform to settle. 

3. If diacetic acid is present, the chloroform does not change color but it becomes 
reddish-violet in the absence of diacetic acid. 

4. If the urine contains much uric acid, use double the amount of Lugol’s solution. 


TESTS FOR BETA-OXYBUTYRIC ACID 


Principles. Beta-oxybutyric acid is seldom or never present in urine without 
acetone and diacetic acid. Its presence has the same significance as diacetic acid but 
is of more serious import. In this test beta-oxybutyric acid is transformed into acetone 
which is then detected by treatment with sodium nitroprusside. 

Hart’s Test. 1. Dilute 20 ml. of urine with an equal amount of water and add a 
few drops of acetic acid. 

2. Reduce to one-half its volume by boiling to remove acetone and diacetic acid. 

3. Dilute to 20 ml. with water and place 10 ml. in each of two test tubes. 

4. To one tube add 1 ml. of hydrogen peroxide, warm gently for 1 minute and allow 
to cool. 

5. To both tubes add 10 drops of glacial acetic acid and 10 drops of freshly pre- 
pared concentrated sodium nitroprusside solution; mix thoroughly. 

6. Overlay with strong ammonia water and allow to stand for 3 or 4 hours. 

7. A positive reaction is indicated by a purple ring in the tube treated with the 
peroxide with no ring in the second tube. 

Osterberg and Helmholz Test. This test (J.A.M.A., 1934, 102:1831) will indicate 
whether the concentration of beta-oxybutyric acid is greater than 0.5 per cent. 

1. Prepare a standard by placing 4 ml. of indicator (add 2.8 ml. of 0.04 per cent 
solution of bromthymol blue to 4 ml. of 0.04 per cent solution of phenol red) and 46 ml. 
of buffer solution (add 5 ml. of fifteenth-molecular secondary sodium phosphate solu- 
tion to 95 ml. of fifteenth-molecular primary potassium phosphate solution) in a tall 
Nessler comparison tube graduated at 50 ml. 

2. In a similar tube place 0.8 gm. of ammonium sulfate, 0.15 ml. of concentrated 
solution of ammonium hydroxide, 0.1 ml. of a 5 per cent solution of sodium nitro- 
prusside, and 1 ml. of urine; mix, allow to stand for 6 minutes at room temperature, 
dilute with water to the 50 ml. mark, and mix. 

3. Compare immediately with the standard. If the color is deeper than the standard, 
the concentration of beta-oxybutyric acid is greater than 0.5 per cent; if the color is 
lighter, the concentration is less than 0.5 per cent. 


OBERMAYER'S TEST FOR INDICAN 


Principles. This test depends upon the decomposition of indican (indoxyl potas- 
sium sulfate) and the subsequent oxidation of the liberated indoxyl to indigo blue, 
at times to indigo red, with absorption by chloroform. Slight traces are present in many 
normal urines. Bile pigments interfere with the test and must be removed beforehand 
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by adding to the urine one-fifth volume of a 10 per cent solution of calcium or barium 
chloride and filtering. 

Procedure. 1. Prepare the reagent by dissolving 0.2 gm. of ferric chloride in 
100 ml. of concentrated hydrochloric acid (sp. grav. 1.19). 

2. To 5 ml. of urine in a test tube, add an equal amount of reagent and 2 ml. of 
chloroform. Mix by inverting ten times. Allow the chloroform to settle and examine 
its color. 

3. A pale blue to deep blue or violet color indicates the presence of indican, the 
intensity of the color being proportional to the concentration of indican. If oxidation 
is slow, a red color due to the formation of indigo red may appear. 

4. Iodides may give a red-violet color due to the liberation of iodine. The addition 
of a few drops of a concentrated solution or a small crystal of sodium thiosulfate will 
discharge this color. Thymol may produce a violet color which is also discharged by 
thiosulfate. Urotropin and formalin prevent the appearance of indigo blue even when 
indican is present in large amounts. 


TESTS FOR BILIRUBIN 


Principles. Bile pigments give the urine a greenish-yellow, yellow, or brown color, 
which, upon shaking, is imparted to the foam. Only bilirubin occurs in freshly voided 
urine. Upon standing, it may be oxidized to biliverdin. The tests given depend upon the 
oxidation of bile pigments by acids with the formation of derivatives like biliverdin 
(green), bilicyanine (blue) and choletelin (yellow). 

Smith’s Test. 1. Place clear urine in a test tube and carefully overlay with tincture 
of iodine diluted with 9 volumes of ethyl alcohol. 

2. An emerald green ring at the zone of contact shows the presence of bilirubin. 

Harrison’s Test. This test, as modified by Watson and Hawkinson (]. Lab. & Clin. 
Med., 1946, 31:914), depends on the adsorption of bilirubin upon filter paper contain- 
ing barium chloride, with the development of a green color when treated with Fouchet’s 
reagent. It affords a rapid and simple method for the detection of bilirubinuria. 

1. Prepare the reagent by dissolving 25 gm. of trichloroacetic acid in distilled water, 
adding 0.9 em. of ferric chloride, dissolving and diluting with distilled water to 100 ml. 

2. Prepare paper strips of Schleicher and Schuell’s filter paper No. 470 (Carl 
Schleicher and Schuell Co., New York, N. Y.). Sheets are immersed in a saturated 
solution of barium chloride and dried in the air or in an oven. Cut into strips 4 by 0.5 
inches. They keep indefinitely. 

3. Hold one end of a strip perpendicularly in the urine for 5 to 10 seconds. The 
paper should be at least one-quarter inch below the surface of the urine. 

4. Remove and lay the strip in a horizontal position on a piece of filter paper for 
the absorption of excess urine. 

5. At the point where the strip was at the surface of the urine, a yellow or brown 
line or zone is seen running across the strip. This is faintly present with most normal 
specimens. Two or three drops of Fouchet’s reagent are dropped directly on the area 
which was at the surface of the urine. A green color denotes the presence of bilirubin. 

6. The bilirubin-barium precipitate is oxidized to a green substance. This test is 
more sensitive than the methylene blue test and detects liver disorders at an earlier 


stage. : 
7. The test is rendered semiquantitative by using the chart shown in Plate XI. 
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Rosenbach’s Modification of Gmelin’s Test. 1. Filter 10 to 20 ml. of urine, 
acidified with 1 or 2 drops of dilute hydrochloric acid, through a small heavy filter 
paper. 

2. Introduce 1 drop of concentrated nitric acid which is slightly yellow (due to 
the presence of oxides in nitrogen) into the apex of the paper and then unfold it. 

3. A positive reaction is indicated by a play of colors appearing in the order of 
ereen (biliverdin), blue (bilicyanine), violet, red and reddish-yellow (choletelin), the 
last nearest the center of the paper. 

Hammarsten’s Test. 1. Prepare a stock reagent by mixing 1 ml. of dilute nitric 
acid (1 part of concentrated acid diluted with 3 parts of water) with 19 ml. of dilute 
hydrochloric acid (1 part of concentrated acid diluted with 3 parts of water). 

2. Prepare the test reagent by diluting 1 ml. of stock reagent with 4 parts of 
absolute ethyl! alcohol. 

3. Place 2 ml. of the test reagent in a test tube and add a few drops of urine. 

4. Or, the test may be conducted with a urinary precipitate prepared as follows: 
to 5 ml. of acid urine (acidify if necessary) add 5 ml. of a 10 per cent solution of 
barium chloride. Mix well and centrifugalize. Decant and discard the supernatant fluid. 
Mix the precipitate with 2 ml. of the test reagent and centrifugalize when the reading 
is made. 

5. A positive reaction is indicated by a green color. This test is sensitive to 1 part 
of bilirubin in 1,000,000 parts of urine. 

Huppert-Nakayama’s Test. 1. Prepare the Nakayama reagent by dissolving 
0.4 gm. of ferric chloride in a mixture of 99 ml. of 95 per cent ethyl alcohol and 1 ml. 
of concentrated hydrochloric acid. 

2. To 5 ml. of urine in a test tube add 5 ml. of a 5 per cent solution of barium 
chloride. Mix thoroughly and centrifugalize. 

3. Pour off the supernatant fluid. To the sediment add 2 ml. of the Nakayama 
reagent. Mix and bring to a boil. 

4. A brilliant, deep-green color develops if bilirubin is present. On adding a few 
drops of nitric acid the color changes to violet or red. 


TESTS *FOR-BILESACIDS 

Hay’s Test. In this test advantage is taken of the fact that bile acids have the 
property of reducing the surface tension of fluids in which they are contained. 

1. Cool the urine by placing it in a refrigerator for several hours. 

2. Upon the surface sprinkle a little finely powdered sulfur (‘flowers of sulfur’’). 

3. If the sulfur sinks at once, bile acids are present to the amount of 0.01 per 
cent or more. If the sulfur sinks only after gentle agitation, bile acids are present in 
0.0025 per cent or more. If the sulfur remains floating, even after gentle shaking, bile 
acids are absent. Chloroform and turpentine give false positive reactions. Urine pre- 
served with thymol or the presence of large amounts of urobilin may also give falsely 
positive reactions. 

Pettenkofer’s Test. This test depends upon the reaction of bile acids and sucrose 
in acid solution to form a red-colored compound. 

1. Place 5 ml. of urine in a test tube and add 5 drops of a 5 per cent solution of 
sucrose in distilled water. 


PLATE XI 


MILLIGRAMS PER CENT 


trace 0.1-0.25 


I-- ; 0.5-1.6 


2+ 2.0-5.0 
3+ 6.0-10.0 
At 10,0 


Barium-strip modification of Harrison's test for bilirubin in the urine. 
(Courtesy of C. J. Watson and V. Hawkinson and the Schleicher & Shuell Co.) 
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2. Mix well. Incline the tube and carefully add 3 ml. of concentrated sulfuric acid 
so that it forms a distinct layer at the bottom of the tube. 

3. A red ring at the zone of contact indicates a positive reaction. 

4. Mix the two solutions and cool under running water so that the temperature 
does not rise above 70° C. A positive reaction is indicated by the gradual development 
of a red color. Proteins and chromogenic substances in the urine may interfere by 
yielding various colors. 


OLIVER:S. TEST ‘FOR BILE SALTS 


Principle. This test is based upon the principle that a precipitate is formed of a 
protein (peptone) and bile acids. 

Procedure. 1. Prepare the reagent by dissolving 8.33 gm. of peptone and 1.12 gm. 
af salicylic acid in 1000 ml. of distilled water to which has been added 2 drops of 
glacial acetic acid. 

2. Filter a small amount of urine (5 or 10 ml.) until perfectly clear and acidify with 
acetic acid. 

3. Dilute with distilled water until the specific gravity is less than 1.008. 

4. Place 2 ml. in test tube and add 5 ml. of the reagent. 

5. A positive reaction is indicated by a milky turbidity which disappears on shaking 
but reappears when more of the reagent is added. The presence of thymol vitiates the 
test. A positive reaction may also be obtained in the presence of chloroform or after 
the administration of turpentine or its derivatives. If the color remains a light red 
within the time allowed, the reaction indicates normal value. With a little experience 
one can judge by the color whether there is an increase above normal. 


TESTS FOR UROBILINOGEN AND UROBILIN 

Principles. Urobilin is probably a decomposition product of bilirubin, formed 
chiefly in the intestines through the action of bacteria. It is now regarded as identical 
with hydrobilirubin. It is excreted as a chromogen, urobilinogen, which is changed into 
urobilin through the action of light within a few hours after urine is voided. Traces of 
urobilin, which are too small for detection by ordinary tests, are present in the urine 
under normal conditions. 

Schlesinger’s Test. 1. To 10 ml. of urine in a test tube add a few drops of Lugol’s 
solution. 

2. Add 10 ml. of a saturated alcoholic solution of zinc acetate. 

3. Mix and filter. 

4. View the filtrate in sunlight against a dark background or with light concen- 
trated upon it with a lens; a greenish fluorescence indicates the presence of urobilin. 

5. Bile pigment, if present, should be removed previously by adding 14 volume 
f 10 per cent solution of calcium chloride and filtering. 

Erlich’s Test. 1. Prepare the reagent by dissolving 2 gm. of paradimethylamino- 
benzaldehyde in 75 ml. of water and 75 ml. of concentrated hydrochloric acid. 

2. To 10 ml. of bile-free, undiluted urine at room temperature, or warmed to 21° 
to 22° C., add 1 ml. of the reagent. Allow to stand for 3 minutes. 

3. If a deep cherry-red color appears, proceed with the test, using 10 ml. amounts 
of dilutions of urine prepared with tap water at room temperature as follows: 1:10, 
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1:20, 1:50, 1:100 and 1:200. Add 1 ml. of reagent to 10 ml. portions of each dilution, 
let stand 3 to 5 minutes, not longer, and read. 

4. Express the results in terms of the highest dilution giving a faint but definite 
pink or cherry color. Normally, this is at the 1:20 dilution. Any greater dilution yield- 
ing a definite pink color indicates a pathologic amount of urobilinogen. A daily 
estimation showing positive in greater and greater dilution is especially significant. 

5. When possible, the readings should be made by daylight as artificial light has a 
tendency to intensify the color. They should be made by viewing the contents through 
the mouth of the tube, holding it over white paper. Highly concentrated urines may 
give a yellowish-brown discoloration which has to be differentiated from the true pink 
reaction of urobilinogen. Pyridium, if present, will give a positive reaction to the test. 
Therefore, specimens containing this drug are unsuitable for testing. This false positive 
reaction may be detected by treating the urine with HCl alone. A pink or red color 
with acid indicates the presence of the dye. By discontinuing the pyridium for 3 or 4 
days a true test for urobilinogen can be obtained. Schlesinger’s test for urobilin is not 
affected by pyridium and may be substituted in such cases. 

Quantitative Method of Wilbur and Addis. 1. Collect a 24-hour specimen of 
urine, preserving it with a crystal of thymol, and keeping it in a dark place. 

2. To 10 ml. of mixed urine add 10 ml. of a saturated alcoholic solution of zinc 
acetate; mix and filter. 

3. Place 10 ml. of the filtrate (representing 5 ml. of urine) in a test tube and add 
1 ml. of Erlich’s reagent. Allow to stand in the dark for 1 to 3 hours (not longer). 

4. Examine with a small direct-vision spectroscope for the absorption bands of 
urobilinogen and urobilin. 

5. Dilute with 5 ml. portions of tap water until both absorption bands disappear 
when the slit of the spectroscope is wide open, but stili remain when the slit is partly 
closed. This dilution is taken as the end point. 

6. Calculate separately the number of dilutions necessary to cause the disappear- 
ance of each of the absorption bands and add the two together. The calculation is based 
on the 5 ml. of urine represented in the 10 ml. of filtrate. For the 24-hour specimen, 
the calculation must be based on the total quantity of urine. Divide the number of 
millimeters of the 24-hour specimen by 5 and use the quotient in the final calculation. 
The number of Wilbur and Addis units is obtained by adding the dilution values for 
urobilinogen and urobilin and multiplying by the quotient obtained by dividing the 
total quantity of the 24-hour urine by 5. For example, if the 24-hour specimen amounts 
to 1,800 ml. and it is necessary to dilute the 10 ml. of filtrate to 50 ml. to remove the 
two absorption bands together, then the combined dilution value for urobilinogen and 
urobilin in the 5 ml. of urine is 10 -+ 10 = 20, and the 24-hour value would be 
20 & 360 = 720 Wilbur and Addis units. 

Quantitative Method of Watson. A more accurate semi-quantitative method has 
been described by Watson and his colleagues (Am. J. Clin. Path., 1944, 14:605) de- 
pending on the reduction of all the urobilin excreted in a 24-hour specimen of urine 
to urobilinogen with ferrous hydroxide. Combining the urobilinogen with Erlich’s 
reagent and a saturated solution of sodium acetate produces a red solution which can 
be compared colorimetrically with a phenolsulfonphthalein standard and the amount 
of urobilinogen in milligrams calculated according to Watson’s formula. Young and his 
associates (J. Lab. & Clin. Med., 1949, 34:287) have recently described a comparator 
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block (Fig. 84) employing 9 pontacyl dye standards prepared according to the direc- 
tions of Watson and his co-workers (Am. J. Clin. Path., 1947, 17:108); this comparator 
may be purchased from the Will Corporation, Rochester, N. Y., with complete direc- 
tions. 
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Fig. 84. Comparator block for measurement of urobilinogen. 
(Courtesy of the Will Corporation.) 


ERRLIGES- DIAZO TEST 


Principles. The exact nature of the diazo substance or substances is unknown. 
{t may be due to an increased excretion of urochromogen, alloxyproteic acid, oxyproteic 
acid, or uroferric acid. The reaction occurs in the urine in febrile disorders, especially 
typhoid fever, tuberculosis, and measles. Reactions more or less resembling it may 
occur after the administration of opium and its alkaloids, salol, creosote, phenol, the 
iodides, naphthalin and tannic acid. 

Procedure. 1. Prepare reagent No. 1 by dissolving 1 gm. of sulfanilic acid in 
200 ml. of water and 10 ml. of concentrated hydrochloric acid. 

2. Prepare reagent No. 2 by dissolving 0.5 gm. of sodium nitrite in 100 ml. of 
distilled water. 

3. In a test tube, mix 10 ml. of reagent No. 1 with 0.1 ml. of reagent No. 2. 

4. Add an equal volume of urine. Mix and overlay with 2 ml. of 28 per cent solution 
of ammonium hydroxide. 

5. A positive reaction is indicated by the development of eosin pink to deep 
crimson red color at the line of contact. Upon shaking, a distinct pink color is imparted 
to the foam (essential feature). The color is a pure pink or red; any trace of yellow 
or Orange is a negative reaction. A doubtful reaction should be considered negative. 


TESTS FOR PORPHYRINS 

Principles. Porphyrins are substituted tetrapyrril methenes. Small amounts may 
be found in normal urine. Urine containing large amounts (porphyrinuria) may be 
dark red or a “‘port wine” color. Darkening of a light colored urine upon standing 
24 hours or longer is suggestive of porphyrinuria. 

Procedure. 1. To 25 ml. of urine in a separatory funnel, add 10 ml. of glacial 
acetic acid. Extract this mixture twice with 50 ml. portions of ether and combine the 
extracts. Wash the combined extracts with 10 ml. of 5 per cent hydrochloric acid. 

2. Examine the washings under ultraviolet light. If there is a strong red fluores- 
cence, a large amount of coproporphyrin is present, suggestive of porphyria. Examine 
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the urine residue after ether extraction under ultraviolet light. A discernible red 
fluorescence is indicative of the presence of uroporphyrin. These tests should be con- 
firmed spectroscopically as follows: 

3. To 100 ml. of urine add 20 ml. of a 10 per cent solution of sodium hydroxide. 

4. Filter or centrifugalize off the precipitate. 

5. Wash the precipitate with water and with alcohol. 

6. Add 5 ml. of alcohol and 5 to 10 drops of concentrated hydrochloric acid. 

7. Dissolve, filter until absolutely clear, and examine spectroscopically for the 
absorption bands of acid hematoporphyrin (Fig. 85). 
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Fig. 85. Absorption spectra. 
(After Seifert and Miller.) 


8. An acetic acid test, which is much less reliable, consist: in adding 5 ml. of glacial 
acetic acid to 100 ml. of urine and allowing the mixture to stand 48 hours. The pigment 


deposits in the form of a precipitate. 
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TESTS FOR MELANIN 


Principles. Urine which contains melanin (melanuria) darkens upon exposure to 
air, assuming a dark-brown or black color, due to the fact that melanin is eliminated 
as a chromogen-melanogen which is later converted into the pigment. Melanuria is 
probably due to protein destruction which may occur in widely different diseases but 
especially in melanotic tumors. 

Procedures. 1. Add a few drops of a solution of ferric chloride to 10 ml. of urine. 
If melanin is present, a gray precipitate forms which blackens on standing. 

2. Mix equal parts of urine and bromine water. If melanin is present a yellowish 
precipitate forms which gradually turns black. 

A better test, described by Blackberg and Wanger (J.A.M.A., 1933, 100:334), is 
as follows: 

1. Evaporate a 24-hour specimen of urine to 1% of its original volume and, for 
each 100 ml. of concentrated urine, add 1 gm. of potassium persulfate. 

2. Allow to stand 2 hours and add an equal volume of absolute methyl alcohol; 
mix and allow the precipitated melanin to settle. 

3. Filter off the precipitate, wash with water until the washings are colorless, and 
then wash with methyl alcohol to remove any remaining soluble pigments. 

4. Finally, wash with ether. 

5. If melanin is present, a brownish-black precipitate remains on the filter. The 
precipitate is soluble in 5 per cent sodium hydroxide solution from which it may again 
be precipitated by the addition of acid. 


TESTS FOR CHLORIDES 


The following simple qualitative test will show the presence of chlorides (mainly 
in the form of sodium chloride) and at the same time roughly indicate any pronounced 
alterations in the amount: 

1. Place 5 ml. of albumin-free urine in a test tube and add 3 drops of nitric acid 
to prevent the precipitation of phosphates. 

2. Add 5 drops of a 12 per cent solution of silver nitrate in distilled water. Normally 
a white curdy precipitate of silver chloride forms. If the urine merely becomes milky 
or opalescent, chlorides are markedly diminished. 

McLean and Selling Modification of the Volhard Test. This method (J.A.M.A., 
1914, 62:1081) is preferred for quick quantitative estimations of chloride in the urine. 
As a rule albumin need not be removed. The technic is as follows: 

1. Prepare reagent No. 1 by dissolving 29.055 gm. of C.P. anhydrous, crystallized 
silver nitrate in 900 ml. of a 25 per cent solution of nitric acid. Add 50 ml. of a cold 
saturated solution of ferric ammonium sulfate and distilled water to 1000 ml. 

2. Prepare reagent No. 2 by dissolving 7 gm. of ammonium sulfocyanate in 1000 
ml. of distilled water. This solution is intentionally made too strong, and must be 
standardized by diluting with distilled water until exactly 20 ml. (no less) will produce 
a red color when mixed with exactly 10 ml. of reagent No. 1. 

3. Place 5 ml. of urine and 10 ml. of reagent No. 1 in a certified 50 ml. graduated 
cylinder with a glass stopper. Mix by inverting several times. 

4. If a reddish color develops, add 3 drops of a 19 per cent solution of potassium 
permanganate in distilled water and shake. 
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5. After 5 minutes add reagent No. 2, a very little at a time, mixing after each 
addition until a permanent reddish-brown color (best seen against a white background) 
appears. This is the end-point. 

6. The solutions are so balanced that if the urine is chloride-free the volume of 
fluid when the end-point is reached will be 35 ml. and for each gram of chlorides per 
liter of urine, the volume will be 1 ml. less. Therefore, the difference between 35 ml. and 
the height of the fluid at the end of the test gives directly the number of grams of 
chlorides per liter of urine, expressed as sodium chloride. If, for example, the fluid 
reaches the 30 ml. mark, 35 — 30 = 5 gm. of sedium chloride per 1000 ml. of urine. If 
the total 24-hour output of urine is known the total amount of sodium chloride may be 
calculated. Normally this varies from 10 to 16 gms. of NaCl per 24-hour urine. 


SULKOWITCH TEST FOR CALCIUM 

This is a very simple roughly quantitative test for urinary calcium (J. Urol., 1937, 
37:746) the technic of which is as follows: 

1. The patient should be kept on a neutral, low-calcium diet before the test is 
conducted. A 24-hour specimen of urine is preferred. 

2. Prepare the reagent by dissolving 2.5 gm. of oxalic acid crystals and 2.5 gm. 
of ammonium oxalate crystals in 145 ml. of distilled water; add 5 ml. of glacial acetic 
acid. 

3. In a test tube mix equal parts of clear urine and reagent. 

4. If there is no precipitate, the total serum calcium is probably reduced to be- 
tween 5 to 7.5 mg. per 100 ml. A fine white precipitate indicates a normal range of 
serum calcium (9 to 11 mg.). A milky precipitate indicates an increase of calcium 
(may be observed after the ingestion of calcium in powder or large amounts of milk). 


BENEDICT AND FRANKE QUANTITATIVE TEST FOR URIC ACID 


This test (J. Biol. Chem., 1922, 52:387) is conducted as follows: 

1. Prepare a standard uric acid solution by dissolving 9 gm. of pure crystalline 
hydrogen disodium phosphate and 1 gm. of dihydrogen sodium phosphate in about 500 
ml. of hot distilled water. In a liter volumetric flask place exactly 200 mg. of uric acid 
suspended in a small amount of distilled water and pour the hot phosphate solution 
into the flask. Agitate until the uric acid is completely dissolved, and add 1.4 mi. of 
glacial acetic acid. Cool to room temperature, make up to 1000 ml. with distilled water 
and mix well. Add 5 ml. of chloroform as a preservative. The solution, which contains 
1 mg. of uric acid per 5 ml., will remain stable for at least 2 months. 

2. Place 50 ml. of this standard in a 500 ml. volumetric flask, add about 350 ml. 
of distilled water and 25 ml. of a 1:10 dilution of concentrated hydrochloric acid. Make 
up to 500 ml. with distilled water and mix well. This solution contains 0.2 mg. of uric 
acid per 10 ml. and keeps well for at least 2 weeks. 

3. If the urine contains albumin, acidify with acetic acid, boil and filter. 

4, Dilute the urine until it contains between 0.15 and 0.30 mg. per 10 ml. The 
usual dilution is 1:20. 

5. Place the 10 ml. of diluted urine in a 50 ml. volumetric flask and add 5 ml. of 
a 5 per cent solution of sodium cyanide with a buret. Mark this flask U. 

6. In a second 50 ml. volumetric flask p'ace 10 ml. of the standard uric acid solu- 
tion and add 5 ml. of 5 per cent solution of sodium cyanide. 
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7. To each flask add 1 ml. of the standard uric acid solution and mix. Allow both 
flasks to stand for 5 minutes and dilute with distilled water to the 50 ml. marks. 

8. Compare the unknown (U) with the standard in a colorimeter. Calculate with 
the following formula, in which D represents the dilution of urine: 


Reading of unknown 
Reading of standard 


x 2X D=meg. of uric acid per 100 ml. of urine. 


TESTSSFORVANMMEASE 


Dozzi Modification of the Somogyi Test. This test is conducted as follows: 

PREPARATION OF STARCH PASTE (SMALL). Weigh out approximately 100 gm. of 
starch and transfer to a 1000 ml. Erlenmeyer flask; add 500 ml. of 95 per cent alcohol 
and 4 ml. of concentrated hydrochloric acid. The flask is then fitted with a reflux con- 
denser, placed in a boiling water bath for 15 minutes and vigorously shaken from time 
to time to keep the starch from settling out. At the end of this interval it is removed, 
the acid exactly neutralized with a normal solution of sodium bicarbonate and the 
alcohol filtered off as quickly as possible. The soluble starch is washed with distilled 
water to free it from the acid. The product thus obtained is dried at room temperature, 
sieved and preserved as a stock sample. 

PREPARATION OF BUFFER SOLUTION (SCHMIDT, GREENGARD AND Ivy). Prepare the 
buffered starch solution by boiling 10 gm. of soluble starch with 250 ml. of distilled 
water containing 2.92 gm. NaCl (0.2 M solution). Add 250 ml. of phosphate buffer 
solution (70 ml. of 0.2 M KH.PO, and 180 ml. of 0.2 M Na.HPO,). The final pH of 
the 2 per cent starch-phosphate mixture should be 6.8. 

ProcepureE. 1. The urine is filtered and placed in either a water bath or incubator 
at 40° C. In the meantime a fresh 2 per cent soluble starch solution is prepared and 
buffered to a pH of 6.8 with a 0.2 M phosphate and 0.2 M NaCl solution as just 
described. 

2. Ten ml. of buffered starch solution are pipetted into each of two 250 ml. Erlen- 
meyer flasks. Contamination with saliva must be avoided. One flask is placed either 
in a constant temperature water bath or in an incubator at 40° C. and allowed to 
remain until the flask and contents have assumed a temperature of 40°. During this 
time 10 ml. of urine are added to the other flask followed immediately by 15 ml. of 
West’s HgSO,-H.SO, mixture (Biochem. J., 1932, 26:1720) which serves as a blank. 

3. When the flask and contents in the incubator have assumed the desired tem- 
perature, 10 ml. of urine are added and allowed to digest for exactly 15 minutes. (It is 
possible that when dealing with samples of urine that exhibit very slight amylolytic 
activity, one can increase the efficiency of the test either by using a larger sample of 
urine or by allowing the incubation to proceed for a longer period of time.) At the 
end of this time the enzymatic activity is interrupted by the addition of 15 ml. of 
West’s HgSO,-H.SO, mixture. A pinch of Lloyd’s reagent is then added to each flask, 
and thorough shaking is instituted. 

4. To each flask 35 gm. of BaCOs are added and then 50 ml. of distilled water. The 
mixture is stoppered and agitated until CO. ceases to be produced. The material is now 
filtered and the filtrate acidified by the addition of 1 drop of concentrated H.SO,. The 
mercury is eliminated by saturating the filtrate with H.S, and the excess H.S is driven 
off by bubbling air through the solution. The solution is filtered and the filtrate ren- 
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dered alkaline by the addition of a few crystals of Na»COs, phenol red being employed 
as the indicator. 

5. The amount of reducing material in 5 ml. aliquots (a smaller quantity of the 
filtrate should be used if large amounts of reducing materials are present) of the slightly 
alkaline filtrate is determined according to the Shaffer-Hartmann method CiieBiol 
Chem., 1921, 45:365). The quantity of reducing sugar formed by the enzymatic action 
is in turn calculated by subtracting the amount of reducing material in the blank from 
that of the digested specimen. For convenience the end result is expressed in terms of 
glucose. 

6. The normal range of amylase expressed in terms of milligrams of glucose varies 
from 264 to 953. The method is not satisfactory when there is marked glycosuria. 

Fabricus-Moller Test. 1. A sample of 24-hour specimen of urine is preferred. 

2. Prepare a starch solution by dissolving 0.1 gm. of soluble starch in 100 ml. of 
buffer solution with a pH of 6.7. Add 0.45 gm. of sodium chloride. The starch should 
be stirred into the cold buffer solution and then dissolved by gentle heating. The solu- 
tion should be freshly prepared. 

3. Dilute 1 ml. of urine with 29 ml. of distilled water. 

4. Place 6 test tubes in a rack. Add 2 ml. of starch solution to each. Add 8 drops 
of diluted urine to No. 1, 6 drops to No. 2, 4 drops to No. 3, 3 drops to No. 4, 2 drops 
to No. 5, and 1 drop to No. 6. 

5. Mix and place the tubes in a water bath at 30° C. to 40° C. for 30 minutes. 

6. Cool the tubes in ice water to stop enzyme activity. 

7. Add 1 drop of iodine indicator (a 1:5 dilution of Gram’s iodine solution) to 
each tube, or add 1 drop of N/200 iodine solution. 

8. The end-point of the reaction is marked by no color or by a port wine color, a 
blue color indicating the absence of amylase. 

9. Normally, digestion occurs in tube No. 1 (150 or less units), No. 2 (200 units) 
and tube No. 3 (300 units) by this method. An increase of amylase is indicated by 
digestion in No. 4 (400 units), No. 5 (600 units) or No. 6 (1200 units). 


TESTS, FOR OCCULT BLOOD 

Benzidine Test. This test is very sensitive provided the reagents are satisfactory. 
Different lots of benzidine vary greatly in sensitivity and hydrogen peroxide solution 
rapidly deteriorates. For this reason it is always advisable to set up a positive control 
using water with an extremely small amount of blood added. Benzidine labeled “For 
blood tests” should be employed. 

1. Prepare a saturated solution of benzidine in glacial acetic acid. If kept in a 
brown bottle in a dark place, this solution will keep fairly well. Or, prepare the reagent 
as required by dissolving as many crystals as can be picked up on the point of a knife 
in 5 ml. of glacial acetic acid and warm gently to effect solution. 

2. The usual solution of hydrogen peroxide is 3 per cent. Test before use by 
adding a few drops of concentrated sulfuric acid and of a potassium dichromate solu- 
tion. If the peroxide is still active, a blue color will develop. 

3. Mix equal parts of the benzidine solution and hydrogen peroxide in a test tube. 

4. Place about 2 ml. of urine in a test tube and add 2 ml. of the mixed reagents. 
If sediment is used mix with 2 ml. of water and use in the same manner as urine. 

5. A positive reaction is indicated by the development of a green to deep blue color. 
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Orthotolidine Test. 1. Prepare the reagent by dissolving 4 gm. of orthotolidine in 
100 ml. of glacial acetic acid. Keep in a brown bottle and prepare at monthly intervals. 

2. To 1 ml. of urine or a suspension of sediment in water, add 1 ml. of the reagent 
and 1 ml. of a 3 per cent solution of hydrogen peroxide. 

3. A positive reaction is indicated by the development of a bluish or bluish-green 
color in 30 to 60 seconds. 


ROUS TEST FOR HEMOSIDERIN 


This test (J. Exper. Med., 1918, 28:645) is conducted as follows: 1. Centrifuge a 
fresh sample of urine. Pour off the supernatant urine and examine the sediment micro- 
scopically for brown granules, especially within the cells. 

2. Suspend the balance of the sediment in 5 ml. of a 2 per cent solution of potas- 
sium ferrocyanide and 5 ml. of a 1 per cent solution of hydrochloric acid. 

3. Allow the mixture to stand for 10 minutes, centrifuge and examine the sediment 
microscopically. A coverglass should be placed over the preparation. Granules of 
hemosiderin appear blue. 


RAPID SYSTEM FOR ROUTINE URINE ANALYSIS 


The following rapid system for routine examinations for color, reaction, protein, 
glucose, free sulfonamide compounds, blood and of sediments, bas been described by 
Wolman, Evans and Lasker (Am. J. Clin. Path., Technical Suppl., 1946, 16:162). 

1. A plate glass mirror (11 20 inches) is used for the chemical tests. The back 
of the mirror is cemented into a permanent metal shell with asphaltum or some similar 
water-impermeable and chemically resistant substance. Allowing narrow margins, 
scratch 20 lines lengthwise and 10 lines crosswise, making 200 squares slightly less 
than 1 inch each sufficient for the chemical analysis of 40 specimens. Keep the plate 
clean by washing with water, followed by drying with a clean cloth. 

2. Use the following reagents: (a) “‘Galactest” (Denver Chemical Co., New York) 
for glucose tests. This is a powder of sodium hydroxide-bismuth oxychloride. 

(b) Acetone reagent powder (Page) composed of a mixture of 0.5 gm. sodium 
nitroprusside, 10 gm. sodium carbonate and 20 gm. ammonium sulfate. All of these 
should be chemically pure and anhydrous, and should be dried separately before mix- 
ing by exposure for a few days in a desiccating jar. Keep in a tightly stoppered vial 
of 10 gm. capacity in a dark place. This powder may be obtained from the Denver 
Chemical Co., New York. 

(c) Protein reagent “Granules” of sulfosalicylic acid manufactured by R. P. 
Cargille, 118 Liberty St., New York. Small mounds of powder may be substituted. 

(d) Reaction test solution of 0.04 gm. bromthymol blue dissolved in 100 ml. 
of 50 per cent alcohol. 

(e) Sulfonamide test paper of Bogen (U.S. Nav. M. Bull., 1943, 41:1135) com- 
posed of 34 inch squares of new paper stock or paper towelling impregnated with 5 per 
cent maleic acid and dried in an incubator; or paper freshly moistened with 3 per cent 
hydrochloric acid. ‘ 

3. Number the specimens consecutively and, while arranging them in rows of 10, 
shake vigorously and note the yellow color of the foams in those containing bile. 

4, Pour samples from each into correspondingly numbered test tubes (100 13 
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mm.) and centrifuge for 5 minutes at 1500 r.p.m. Place in tubes in racks consecutively 
in rows of 10. 

5. Place the mirror lengthwise on the table. On each of the 10 horizontal squares 
of the first and sixth rows place about a dime-sized mound of “Galactest.” The squares 
of the second and seventh rows receive similar amounts of the acetone reagent powder, 
the third and eighth rows the protein reagent powder or “granules,” the fourth and 
ninth rows a square of the sulfonamide test paper, and the fifth and tenth rows single 
drops of the reaction test solution. These squares are for the examination of 20 speci- 
mens of urine. 

6. With a medicine dropper half filled with clear supernatant urine held about 1 
inch above the mirror, place 1 drop on the mounds of “Galactest,’ 2 drops on the 
mounds of acetone, protein reagent and sulfonamide test papers, and 1 drop on the 
drops of reaction test solution. The dropper is then rinsed with water and filled with the 
next specimen of urine. 

7. The results are read in about*20 seconds and recorded. If glucose is present in 
less than 0.2 per cent, the color becomes pale gray; if about 0.5 per cent, dark gray 
and if 1 per cent or more, black. Positive reactions should be checked by the Benedict 
test. If acetone is present the color changes to lavender-pink or purple, depending upon 
the amount. If protein is present a faint to heavy white cloud develops which is sensitive 
to a concentration as low as 5 mg. protein per 100 ml. of urine. Positive reactions should 
be checked by a quantitative method. If a free sulfonamide compound is present a 
yellow-orange color develops; there is no reaction to bound or acetylated sulfonamide 
compounds. A blue color with the reaction test solution indicates alkalinity (pH of 
about 7 or higher), a green color acidity or neutrality (pH between 6.2 and 7), and a 
yellow color acidity (pH of about 6 or less). 

8. A second set of reagents is next placed on the lower half of the mirror and speci- 
mens numbered 21 to 40 are tested. 

9. Microscopic examinations of the centrifuged sediments are made on a piece of 
clear window glass (4 x 3 inches) etched into 12 one-inch squares. Place a wire 
screen over the mouths of the test tubes in the rack, invert and pour off the supernatant 
urines. By inverting the tubes place drops of the sediments on squares, using cover- 
classes if desired. 

10. Examinations for blood may be made with the residual sediments in the test 
tubes. Add 2 drops of orthotolidine solution A (1 per cent solution in pure methyl 
alcohol) and 2 drops of solution B (1 part of glacial acetic acid with 2 parts of U.S.P. 
hydrogen peroxide). A blue color indicates the presence of blood. Solution A will keep 
10 months and solution B from 2 to 3 months. 


MICROSCOPIC EXAMINATION 


General Technic. 1. As far as possible, specimens should be examined within 6 
hours after voidance. Unless kept at a low temperature, 24-hour specimens should have 
a preservative added. Alkaline specimens cloudy with phosphates and obscuring other 
elements may be slightly acidified with dilute acetic acid to redissolve them. Highly 
acid specimens containing heavy sediments of urates obscuring other elements, may be 
slightly warmed to redissolve them. 

2. Secure sediment by centrifuging at least 10 to 15 ml. for 3 to 5 minutes or by 
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allowing the urine to stand at least 6 to 12 hours in a cool place for settling by gravity 
(preferably in a conical container). 

3. Remove a drop of sediment by means of a pipet and place on a slide. The pipet 
may be a piece of tubing drawn to a blunt point and fitted with a nipple. Eight sedi- 
ments may be prepared at one time by using slides of ordinary window glass, 4 by 8 
inches, divided by painted lines into 8 compartments. The stage of the microscope may 
be extended by a wooden table, but this is not absolutely necessary. 

4. Coverglasses are not essential for ordinary examination but are advisable for 
high-power examinations. 

5. The examination must be remnniered before drying takes place. 

6. Examine with low power and with oblique illumination obtained by swinging 
the mirror a little out of the optical axis. Too strong illumination and too great mag- 
nification are common sources of error. 

7. The frequency of occurrence of the various constituents observed should be 
noted as well as their mere presence. The terminology used may be: occasional, few, 
many and very many. A uniform technic of examination and of reporting should be 
followed so that the results of different examinations may be uniform and comparable. 
The same amount of urine should be centrifugalized at the same speed for the same 
length of time in each case. The supernatant urine should be poured off to the same 
degree of completeness, and approximately the same thickness of drop examined. 

Casts. Casts vary greatly in size but in almost all instances their sides are parallel 
and ends rounded or broken off squarely. They may be straight or curved, long or short, 
but the diameter is usually uniform throughout the length. Casts have been classified 
according to their microscopic characteristics as hyaline, granular, epithelial, blood, 
pus, fatty and waxy. The finding of casts in the urine is very important, for their 
presence usually indicates some form of kidney disorder, especially if albumin is 
present. 

Hyatine Casts. These casts are colorless, homogeneous, semitransparent and 
cylindrical in shape (Fig. 86). They are difficult to see unless the proper illumination 
is used. Although described as homogeneous, upon careful examination a small amount 
of granular material is usually seen adhering to them. They are usually straight with 
parallel sides and rounded ends. Occasionally, curved and convoluted forms are seen. 
They are readily soluble in acetic acid in contrast to fatty casts which are insoluble. 

GRANULAR Casts. These are hyaline casts containing many fine or coarse granules. 
Those having very fine granules are called “finely granular” and those having coarse 
granules, “coarsely granular” (Fig. 86). 

Waxy Casts. These are homogeneous like the hyaline casts, but more opaque. They 
have a dull waxy appearance and are often grayish. All gradations between hyaline and 
waxy casts may be found. No doubt the more refractive hyaline casts are often in- 
correctly reported as waxy (Fig. 86). 

Frprinous Casts. These are similar to waxy casts except for their color, which is 
distinctly yellowish. The color is probably due to altered blood pigment. 

Farry Casts. These are casts of any kind which contain numerous fat droplets. 
The fatty nature of the globules can be easily determined by staining with osmic acid 
or Sudan III. They are insoluble in acetic acid. The source of these fat droplets is 
chiefly from degenerated epithelial cells (Fig. 86). 

EpItHELIAL Casts. These contain epithelial cells from the renal tubules. Dilute 
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acetic acid brings out the nuclei more distinctly and aids in the recognition of the cells 
(Fig. 87). These casts are rare. 

Pus Casts. These are composed entirely of pus cells. Finding an occasional pus 
cell in casts has no special significance. It is only when the cast is nearly or completely 
filled with pus cells that they are reported as pus casts. 

Bioop Casts. These contain many erythrocytes which are often degenerated (Fig. 
88). 


Fig. 86. Urinary casts. 


1. Hyaline casts (after Riedert). 2. Hyaline and finely granular casts (after Todd and Sanford). 
3. Waxy and granular casts (after Riedert). 4. Granular and fatty casts (after Riedert). 


seudocasts. Mucous threads often appear as long strands resembling hyaline 
casts. They are more ribbon-like, tapering at the ends and have less defined edges 
(Fig. 87). 
Urates or phosphates may aggregate into cylindrical masses resembling granular 
casts. The application of heat will dissolve the urates, and acetic acid the phosphates. 
Cylindroids. These are formations which closely resemble hyaline casts. They are, 
however, longer, more ribbon- or band-like and taper to a slender tail which is often 


twisted or curled (Fig. 87}. 
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Leukocytes and Pus. A small number of leukocytes are present in normal urine 
Any marked increase in their number is significant of disease somewhere along the 
urinary tract in males, and from either the urinary or genital tracts in the female, 
unless the specimen is obtained by catheterization. Contamination of the specimen with 
vaginal discharge may introduce large numbers of leukocytes. There is no way of 
determining whether a leukocyte is dead or alive except in the case of those showing 
degenerative changes such as swelling, disintegration and a tendency to aggregate in 


Fig. 87. Urinary casts and pseudocasts. 
ite Epithelial casts (after Riedert). 2. Blood casts (after Todd and Sanford). 3. Mucous threads 
and cylindroids (after Todd and Sanford). 4. Pseudocasts composed of swollen epithelial cells (after 
Riedert). 


clumps. It is common practice to call them leukocytes when they occur in normal 
numbers and pus cells when they are definitely increased. The nuclei are frequently 
indistinct or obscured by granules. The addition of a little dilute acetic acid brings the 
nuclei clearly into view (Fig. 89). 

Pus, when at all abundant, adds an appreciable amount of albumin and forms a 
white sediment resembling that produced by phosphates. The leukocytes usually found 
in urine are neutrophils (polymorphonuclear). Occasionally plasma cells are present, 
usually with neutrophils. These have a single round nucleus, located at one side of 
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the cell. In alkaline urines the pus may be transformed by the alkalis into a gelatinous 
substance giving the urine a mucilaginous consistency. 

Erythrocytes. The presence of large numbers of erythrocytes is always pathologi- 
cal when contamination with menstrual discharge may be excluded. The cells may have 
a normal appearance or may be crenated, swollen or hemolyzed (Fig. 89). When blood 
is present in a large amount, it will change the color of the urine to a hazy reddish 
or brown color, commonly called “smoky.” 


Fig. 88. Urinary epithelium and spermatozoa. 
B, urethral cells; C, renal cells; D, cells from the pelvis of kidney; E, 
spermatozoa (all after Riedert): 2. Squamous and pus cells (after Todd and Sanford). 3. A, bladder 
B, urethral cells (after Todd and Sanford). 4. Cells from pelvis of kidney (after Todd and 


Sanford). 


1. A, vaginal cells; 


cells; 


When the cells are atypical or there is any doubt, add a little dilute acetic acid. 
If they are erythrocytes they will dissolve and disappear. Occult blood tests can be 
used as confirming tests. However, they are not sensitive enough in cases where only 
a few cells are found microscopically. 


Epithelial Cells. These may be of various kinds as follows: 
SQuAMOUS OR PAVEMENT. These are large flat cells with a small distinct round or 


oval nucleus (Fig. 88). They come from ureters, bladder or the genitalia; as a rule, 
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except in specimens from the female, they are present in relatively small numbers. 
Specimens from the female are commonly contaminated with cells of this type originat- 
ing from the vagina. Although the vaginal cells are especially large, thin, angular and 
frequently rolled up, it is very difficult to determine the source of these cells in such 
cases with any degree of certainty. 

SMALL RouND oR PoLyHEDRAL. These cells are somewhat larger than the polymor- 
phonuclear leukocyte and have a single round nucleus. They come from the uriniferous 
tubules or the deeper layers of any part of the urinary tract. Only when these cells 
are found adhering to casts may they be considered as of renal origin (Fig. 88). 


Fig. 89. Urinary leukocytes, erythrocytes, molds and artefacts. 


1, Leukocytes (after Todd and Sanford). 2. Erythrocytes (after Todd and Sanford). 3. Molds 
(after Riedert). 4. Artefacts (after Riedert). 


CaupaTr. These are smaller than the squamous cell and have tail-like processes. 
They come most frequently from the pelvis of the kidney but may also originate from 
the neck of the bladder (Fig. 88). 

Spermatozoa. These are usually present in specimens collected after nocturnal 
emissions or prostatic massage and as the result of vaginal contamination after coitus. 
They are easily recognized (Fig. 88). 
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Bacteria. Normal urine does not contain bacteria. However, urine is readily con- 
taminated when passing through the urethra and by vaginal secretions. Since urine 
is a very good culture medium for many bacteria, multiplication takes place rapidly. 
Bacteria, when in large numbers, cause uniform cloudiness of the specimen which will 
not clear by filtration. In disease, pathogenic bacteria may be present, which require 
special examination for their detection. 


Hymn, Y 
a 


WWI, 


EN 


Fig. 90. Urinary crystals and diatoms. 
1A. Triple phosphates (feathery type). 1B. Calcium phosphate. 2. Cystine. 3. Uric acid crystals. 
4. Diatoms. 


Crystals. Those which may occur in acid urine comprise uric acid and urates, 
calcium oxalate, cystine, leucine and tyrosine. Those which may occur in alkaline urine 
comprise acid ammonio-magnesium phosphate (“triple phosphates”), amorphous phos- 
phates, ammonium biurate and calcium carbonate. All of the crystals found in alkaline 
urines are soluble in acetic acid. Any of the crystals found in acid or alkaline urine 
may occur in neutral urine. In addition, dicalcium phosphate may be present. 

Uric Acip AND URATES. These do not appear normally in urine at the time of void- 
ance. All acid urines upon standing, particularly when cold, will precipitate the uric 
acid normally present in solution in the form of crystals or as amorphous urates. 
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Therefore, the finding of uric acid crystals in other than freshly voided specimens is 
of no clinical significance. The urates produce cloudiness and in highly concentrated 
specimens may appear milky or have a pinkish or reddish color. The former may be 
mistaken for pus and the later for blood. A simple test is to warm the specimen, where- 
upon the urates will redissolve and the specimen will become cleared of this precipitate. 
The crystals may settle out and appear as red grains (gravel or red sand). Micro- 
scopically they vary greatly in size and shape (Figs. 90 and 91). The typical ones have 


Fig. 91. Urinary crystals. 


1. Uric acid (after Riedert). 2, Calcium urate (after Riedert). 3. Acid ammonium urate (after 
Riedert). 4. Calcium oxalate (after Todd and Sanford). 


a yellow or reddish-brown color. This color is due to urinary pigment, chiefly uro- 
erythrine. Colorless crystals are sometimes seen. If these are hexagonal, they may 
resemble cystine. All colored crystals found in acid urine can safely be considered as 
uric acid irrespective of their shape. They are soluble in sodium hydroxide, insoluble 
in hydrochloride or acetic acid, and dissolve in ammonia with the formation of crystals 
of ammonium urate. 

CatcruM OxaraTer. These crystals, commonly found in acid urine, may occasionally 
be seen in neutral or slightlv alkaline urine. Their presence is of clinical significance 
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only when found immediately after voidance. The common cause of their presence is 
the ingestion of foods which are rich in oxalic acid, such as tomatoes, spinach, rhubarb 
and asparagus. They usually appear in colorless, octahedral crystals, having the ap- 
pearance of small squares crossed by two intersecting diagonal lines, the so-called 
“envelope crystals.”’ They vary greatly in size and may occur as dumb-bells or spheres 
(Fig. 91). They are soluble in strong hydrochloric acid, and recrystallize upon the 
addition of ammonia. 


Fig. 92. Urinary crystals. 


1. Amorphous phosphates (after Riedert). 2. Triple phosphates (after Todd and Sanford). 
3. Calcium sulfate (after Riedert). 4. Leucine and tyrosine (after Riedert), 


CysTINE. Cystine is one of the amino acids formed in the decomposition of protein. 
It is present in traces in normal urine but only when an excessive amount is present 
are crystals formed. They are rarely seen. They occur as colorless, highly refractive, 
hexagonal plates with well defined edges, and are soluble in hydrochloric acid and 
insoluble in acetic acid (Fig. 90). 

LEUCINE AND TyROSINE. These substances rarely occur in urine. Both are cleavage 
products of the protein molecule and usually occur together. Leucine appears in the 
forms of yellowish, oily looking spheres, many with radial and concentric striations 
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(Fig. 92). It is not soluble in hydrochloric acid or in ether. Tyrosine appears as very 
fine needles which may appear black and are usually arranged in sheaves, with a con- 
striction in the middle (Fig. 92). It is soluble in ammonia and hydrochloric acid, but 
not in acetic acid. Leucine and tyrosine crystals are difficult to recognize by their 
morphology as other substances may take similar or identical forms. 

Dicalcium phosphate may be found in the form of colorless prisms arranged in stars 
or rosettes in feebly acid, neutral or feebly alkaline urines (Fig. 90). 


Fig. 93. Crystals of sulfanilamide. 


Free sulfanilamide appears as long transparent 
crystals with a tendency to aggregate. Acetyl- 
sulfanilamide forms sheaves and radiating bundles 
of prismatic crystals. (Courtesy of the Seminar, 
published by Sharp and Dohme, Inc.) 


Fig. 94. Crystals of sulfathiazole. 


These crystals have the appearance of shocks 
of wheat with a central binding. These may pre- 
sent all degrees of fullness up to a stage where 
they form two half circles fused at the center. 
They may also form complete rosettes. Another 
form is that of hexagonal platelets of variable 
density which may be indented at ends and show 
an envelope-like marking. (Courtesy of the 
Seminar, published by Sharp and Dohme, Inc.) 


AMMONIO-MAGNESIUM PHOSPHATE (“TRIPLE PHOSPHATES”). These crystals are 
commonly found in alkaline urine. The typical shape is a prism with oblique ends 
often called the “coffin-lid” form. They may, when rapidly precipitated, take feathery 


or leaf-life forms (Figs. 90 and 92). 


AMmorPHOUS PHosPHATES. Common in alkaline urine and appear as a granular pre- 


cipitate (Fig. 92). 


Actp AMMONIUM Brurarre. It is precipitated only when free ammonia is present 
and is therefore usually found along with phosphates in decomposing urine. It occurs 
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in the form of yellow spheres with a spicule, the so-called “thorn-apple crystals.” Oc- 
casionally they form sheaves of fine needles and rhizome forms. 

CaLciuM CARBONATE. Occurs as amorphous granules or colorless spheres and 
dumb-bells. It dissolves readily in acetic acid with the formation of gas. 

Sulfonamide Crystals. When microscopic or macroscopic hematuria occurs during 
treatment with the sulfonamide compounds it is important to examine the urine for 
the crystals of these compounds. The latter usually occur as crystals of free and acety- 
lated compounds, especially the latter. Fresh urine should be employed, sediment being 
secured by centrifugalization. The crystals produced by sulfanilamide, sulfathiazole, 
sulfapyridine and sulfadiazine are shown in Figures 93, 94, 95 and 96. 


Fig. 96. Crystals of sulfadiazine. 


Fig. 95. Crystals of sulfapyridine. 


Sulfapyridine commonly appears in the urine 
as acetylsulfapyridine. The most frequent form 
is the whetstone, petal or boat-shaped crystal. 
Jagged arrowheads pointed at one end are also 
fairly common. Large conglomerate crystals may 
occur but are not usual. (Courtesy of the 
Seminar, published by Sharp and Dohme, Inc.) 


Free sulfadiazine forms dark, dense, greenish 
globules with either fuzzy or clean edges. Acetyl- 
sulfadiazine crystals form “shocks of wheat” 
with eccentric binding. The eccentric binding 
differentiates it from the central binding of 
acetylsulfathiazole crystals. (Courtesy of the 
Seminar, published by Sharp and Dohme, Inc.) 


Extraneous Matter. The accidental contamination of urine with extraneous matter 


is not at all uncommon. The source is usually the use of unclean containers or utensils 
in collecting specimens. Yeasts are often found in specimens which have stood for some 
time. They multiply rapidly, particularly in urines containing sugar. They may be 
mistaken for erythrocytes from which they may be distinguished by their oval shape, 
tendency to form chains, the presence of budding forms, and their insolubility in acids 
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or alkalis. Molds are commonly found in urine which has stood 24 hours or more (Fig. 
89). Fibers of wool, cotton, linen or silk may come from clothing, towels or the air 
(Fig. 89). Oil droplets, which are highly refractive, may come from oiled catheters or 
unclean containers. Diatoms from tap water are not uncommon (Fig. 90). 


ADDIS SEDIMENT COUNT 


Principles. This test is based upon the principle that the number of casts and cells 
in the urine varies with the type and extent of kidney disease. It is of the utmost im- 
portance that the patient clearly understand the conditions under which the specimen 
must be secured, and it is advisable that, in order to prevent errors, the directions be 
furnished in writing. 

In order that the specimen may reach the laboratory in a suitable condition, the 
urine should be passed directly into a wide-necked bottle which has been thoroughly 
cleansed, rinsed with distilled water, dried in the inverted position, and finally rinsed 
out with a clean solution of formaldehyde, allowed to drain out for a short time before 
the bottle is closed with a rubber stopper. In women, catheterization is essential and 
it is important that the bladder be emptied completely. 

Procedure. |. The patient is instructed to take breakfast as usual, including coffee, 
tea or milk, as desired, but must abstain from all fluids thereafter during the day and 
night until the urine has been collected in the morning. In other respects, the diet is 
unaltered, except that specific instructions are given not to take more fruit than is 
customary. The time of collection may run from any convenient hour in the evening 
until the patient arises in the morning, covering at least 12 hours. The patient is asked 
not to void during the afternoon of the day on which the collection is begun. The first 
voiding is discarded, all others being passed directly into the container as previously de- 
scribed, care being taken to empty the bladder as completely as possible. The time 
when the collection is begun and ended must be recorded on the bottle. 

2. Any uratic precipitate is dissolved by immersing the bottle in warm water; 
phosphatic turbidity is cleared by the addition of acetic acid, avoiding an excess. 

3. Measure the volume (to within + 2 ml.). Return the specimen to the collecting 
bottle; stopper, and mix well by repeated inversion. 

4. Transfer 10 ml. to a graduated centrifuge tube with a special narrow tip and 
centrifuge 5 minutes at 1800 r.p.m. 

5. Decant the supernatant urine and remove the remainder with a capillary pipet. 

6. Add 0.5 to 2.0 ml. saline solution and thoroughly mix the sediment by repeatedly 
drawing it up and blowing out in the capillary pipet. Record the total volume of mixed 
sediment. 

7. Place 1 drop of mixed sediment in a blood counting chamber and count the 
number of casts, erythrocytes, leukocytes and epithelial cells in the total ruled area, 
which represents the numbers in 0.0009 ml. of sediment. Repeat this procedure with 
nine additional drops and add the total number of casts and cells, which gives the 
number per 0.009 ml. of sediment. 

8. Calculate the numbers of casts and cells in the 12-hour sample of urine as 
follows: 

Let V = total volume of urine; 10 = number of milliliters of urine centrifuged; 
s = volume of mixed sediment; v = volume in which the counts were made; n — total 
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number of casts and cells counted; N = number of casts and cells in 12-hour sample 
of urine. Then: 


V 
ee NN 
Vv 


10 
Example: 
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casts in total 12-hour specimen of urine. Make similar calculations for total numbers 
of erythrocytes and leukocytes or the total number of leukocytes and epithelial cells 
combined. 

9. By this method the normal urine of adults may show up to 5000 (average 1000) 
hyaline casts in the 12-hour concentrated night urine; epithelial casts are found only 
very rarely. Erythrocytes vary up to 425,000 (average 65,760) and leukocytes 
and epithelial cells counted together from 32,400 to about 1,000,000 (average 322,550). 
According to Lyttle (J. Clin. Investigation, 1933, 12:87) the urine of normal children 
may show slightly more casts but slightly fewer erythrocytes and leukocytes than the 
average excreted in 12 hours by adults. 


QUALITATIVE ANALYSIS OF URINARY CALCULI * 


General Considerations. 1. Urinary calculi or concretions are solid masses formed 
in the urinary tract from substances normally present in urine, or which may be 
present in excess due to faulty metabolism (cystine), or as the result of drug therapy 
(sulfonamide compounds). They may occur in any part of the urinary tract (renal, 
vesical or ureteral) and may vary greatly in size, largely because of their location, but 
also because of their age. The latter condition also affects their composition as well, 
since the stones are usually built up of concentric layers surruunding a central nucleus 
and in the course of their growth may affect the reaction of the urine with consequent 
deposition of substances differing from that of the nucleus. Simple or primary stones 
are encountered much less frequently than secondary or compound stones and for this 
reason considerably more information is obtained if, size permitting, the calculus be 
transected and separate analyses made of both the nucleus and at least one outer layer. 

2. In the outline given later a complete examination may be made on as little as 
10 mg. of powder. However, since a sample may be quite small, especially if both the 
nucleus and strata are to be analyzed separately, a knowledge of the general appear- 
ance of the stone as related to its composition often furnishes a clue to the selection 
of the proper tests to be employed, thus conserving material. Observations of the effect 
of heat on the sample also furnish information of value in the selection of the tests. 

3. Phosphate calculi are nearly round, compact and the surfaces are rough. If much 
triple phosphate is present the texture is somewhat friable. They vary in color from 


* See Brown, H.: J. Lab. & Clin. Med., 1939, 24:976; Winer, J. H. and Mattice, M. R.: J. Lab. 
& Clin. Med., 1943, 28:898; Kamlet, J.: J. Lab. & Clin. Med., 1937-38, 23:321; Domanski, T. J.: Am. 
J. Clin. Path., Technical Suppl., 1938, 2:157; Fraser, B. W.: Am. J. Clin. Path., Technical Suppl., 


1946, 10:156. 
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chalk white to gray, occasionally showing traces of yellow. They are quite common. 

4. Carbonate calculi exhibit nearly the same shape and coloring but are more round 
and harder. They occur infrequently. 

5. Oxalate calculi assume a large variety of shapes, often have a nodular surface 
and exhibit a distinct crystalline structure. They are more difficult to crush than the 
phosphate stones and the color may vary from grayish-white to dark brown. They are 
much more commonly encountered than the carbonate, but not as often as the phos- 
phate type. Oxalate calculi often occur in the nucleus of a stone. 

6. Uric acid and urate calculi nearly always have a smooth rounded surface but 
occasionally may have a crater-like or nodular appearance. They are always colored 
yellow to brown, and are encountered about as often as oxalate stones. 

7. Cystine calculi occur as oval or cylindrical concretions, having a smooth surface 
and a pale yellow to white color. They are rare. When they are mixed with phosphate 
they become rough and granular. If a calculus is found to consist of cystine, qualitative 
and perhaps quantitative tests should be made for cystine in the urine of the patient 
and of other members of his family. These stones eventually form the typical staghorn 
calculi. 

8. Xanthine calculi are even more rare than the cystine stones. Their color varies 
from white to yellowish-brown. They have a waxy feel. 

9. Other types very rarely encountered are the light colored, fatty urostealith 
calculi, the dark colored fibrin calculi, the cystine-like cholesterol calculi and the indigo 
calculi. 

Physical Examination. Stones as received in the laboratory are frequently covered 
with blood or other foreign materials. Rinse off with distilled water and allow to dry. 
Weigh the stone to the nearest mg. if large; to the nearest tenth of a mg. if small. 
Measure at least two diameters to the nearest mm. Describe the general shape, texture 
and color and after transection, the general appearance, color and prominence of the 
various strata. 

Preparation of Sample. Examination with a dissecting microscope or with the low 
objective of the ordinary microscope or even with a good hand lens will frequently give 
useful information. To transect the larger stones a small bone-cutting saw or a jeweler’s 
saw is helpful. Loss of sample can be avoided if the stone is tightly wrapped in white 
paper before cutting. The various strata of many calculi may be readily separated 
from each other and from the nucleus by manipulation with forceps and pointed 
scissors. If the layers are poorly defined, a good sample of the outer layer may be 
obtained by scraping the surface with a scalpel, and a sample corresponding to the 
nucleus, by digging out small portions from the approximate centers of the cut surfaces. 
Each sample is ground in a mortar. 

Ashing. A small portion of powder is placed in a porcelain crucible and heated in 
a free flame. If there is little or no blackening and the original bulk is not appreciably 
altered, the calculus is mainly inorganic. If charring occurs, followed by nearly com- 
plete disappearance of the sample, the stone is largely organic. If melting and blacken- 
ing occur with formation of a tarry mass, sulfonamides may be expected. The color 
and type of flame and the odor of the burning sample are of but little help and often 
are confusing, although a cystine stone emits a characteristic penetrating odor some- 
what different from that of the “burnt feather” odor of fibrin. 


The above preliminary tests, plus the physical examination, will furnish clues to 
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the selection of the proper confirmatory tests or they may be entirely dispensed with 
and the powder treated as follows: 

Chemical Tests. SoLution A. To about 10 mg. of powder in a 100 ml. Erlenmeyer 
flask add about 50 ml. of 5 per cent hydrochloric acid. Observe for effervescence. Heat 
in a boiling water bath for 10 to 15 minutes and filter while hot. The filtrate is evenly 
distributed among 8 test tubes. Add to each tube a small bit of litmus paper. 

SoLuTION B. About 10 mg. of powder are shaken with 10 ml. of chloroform. Allow 
the stoppered flask to stand at room temperature until the insoluble material has settled 
out. Decant the chloroform solution. Save both the solution and the residue. 

CarponatTe. If effervescence occurred on the addition of the hydrochloric acid 
solution the sample contains carbonate. 

AMMONIUM. To tube No. 1 of solution A add 10 per cent sodium hydroxide solution 
drop by drop, with sidewise shaking, until the litmus paper just turns blue. Add 1 ml. 
of Nessler’s reagent. A deep yellow to brown coloration or precipitate is a positive 
reaction. 

Uric Actin. Neutralize tube No. 2 as before. Add an equal amount of 2 per cent 
sodium cyanide solution. Add 0.5 ml. of Folin’s uric acid reagent. A blue color appear- 
ing within 5 minutes is a positive reaction. The formation of a pale blue color on long 
standing is to be disregarded. 

CaLcium Oxa.aTe. Neutralize tube No. 3 as before. Add 10 per cent acetic acid 
until the litmus paper turns red. A permanent white precipitate that will not redissolve 
on thorough shaking is a positive reaction. 

Catcium. Neutralize tube No. 4 as before. Acidify with acetic acid. Add 2 ml. of 
4 per cent ammonium oxalate. A dense white precipitate, heavier than that remaining 
in tube No. 3, is a positive reaction. Or, if no precipitate remains in tube No. 3, the 
ammonium oxalate may be added directly to that tube. 

PuospHate. Neutralize tube No. 5 as in No. 1. Add 1 ml. of molybdate solution 
No. 1. Shake and add 0.5 ml. of 0.25 per cent aminonaphthosulfonic acid solution. A 
blue color developing within 5 minutes is a positive reaction. 

SULFONAMIDE. Neutralize tube No. 6 as before. Add 1 ml. of freshly prepared 0.5 
per cent sodium nitrate solution. Shake and let stand 3 minutes. Add 5 ml. of a 0.25 
per cent alcoholic solution of dimethyl-a-naphthylamine (Eastman). A reddish color 
is a positive reaction. Also a small amount of solution A can be diluted 10 or 15 times 
and treated with the reagents used on the blood filtrate when analyzing for sulfanil- 
amide (Chapter 38). 

Macnesium. Neutralize tube No. 7 with ammonia. Add 1 ml. of a 0.5 per cent 
alcoholic solution of para-nitro-benzeneazoresorcinol (Eastman). A blue color is a 
positive reaction. The color should be observed within 1 minute. 

CysTINE. To tube No. 8 add a pinch of sodium sulfite. Dissolve by sidewise shaking 
and add 1 ml. of uric acid reagent. Add solid sodium carbonate, a small portion at a 
time, until no more effervescence occurs. At this point the litmus paper should be blue. 
An immediate deep blue color is a positive reaction. A slow formation of a pale bluish 
shade is to be disregarded. See later paragraph for test with solution B. 

Inpico. A blue color imparted to the chloroform of solution B is a positive reaction. 

UrostEatitu. A few drops of solution B are allowed to evaporate on a glass slide 
and the residue stained with Sudan III. Fat globules noted in the low power of the 
microscope indicate the presence of an urostealith. 
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CHOLESTEROL. To about 5 ml. of solution B are added 5 ml. of acetic anhydride 
and 0.5 ml. of concentrated sulfuric acid. A green color is a positive reaction. 

Cystine. To about one third of the residue from solution B in a test tube are added 
about 2 ml. of ammonium hydroxide. Shake vigorously for a few minutes. Allow the 
insoluble material to settle. Evaporate at room temperature a few drops of the clear 
solution on a glass slide. Six-sided plates can be seen in the microscope if cystine is 
present. The presence of cystine can be established by triturating 1 or 2 mg. of the 
powdered calculus in 2 ml. of 5 per cent sodium cyanide solution, and allowing to stand 
for 5 minutes. Now add a few drops of a freshly prepared 5 per cent solution of sodium 
nitroprusside. A rather stable magenta color (reddish-violet or purple), which is char- 
acteristic for sulfhydryl groups, indicates the presence of cystine. 

XANTHINE. To one third of the residue from solution B add a few drops of con- 
centrated nitric acid. Evaporate carefully over a free flame to dryness. Cool and moisten 
with a few drops of 10 per cent sodium hydroxide solution. An orange color, turning 
deep red on warming, is a positive reaction. 

Frprin. To the remainder of the residue from solution B are added 2 ml. of Millon’s 
reagent. Heat. A red precipitate is a positive reaction. 

Notes. 1. Prolonged heating in preparing solution A is to be avoided as a slow 
destruction of oxalate occurs when the solution is heated. 

2. Positive reactions for magnesium, ammonium and phosphorus indicate the 
presence of “triple phosphate” (magnesium-ammonium-phosphate) in the calculus. 

3. Positive reactions for carbonate and calcium indicate calcium carbonate. If the 
carbonate test is negative but phosphorus is present, the calculus contains calcium 
phosphate. 

4, A negative reaction for calcium with a positive phosphorus reaction indicates 
alkaline phosphate. 


CRYSTAL FORMATION METHOD FOR THE ANALYSIS OF 
URINARY CALCULI 


By means of this method the following types of calculi may be quickly identified: 
calcium carbonate, calcium phosphate, magnesium ammonium phosphate, calcium ox- 
alate, uric acid or urate, and cystine. This group includes more than 99 per cent of all 
calculi. 

Procedure. 1. Dissolve approximately 1 mg. of powder in a small drop of approxi- 
mately 6 N hydrochloric acid solution on a microscope slide. Effervescence indicates 
carbonate. Allow the liquid to evaporate spontaneously unless air humidity is high, 
when the slide can be warmed gently or the liquid can be allowed to evaporate in a 
desiccator. Examination under the low power of a microscope should begin as soon as 
crystals appear. If one waits too long, the crystals may cease to be typical. It is 
advisable for the inexperienced to run known substances for the exact appearance of 
the various crystals. 

2. Calcium oxalate produces thin, transparent, plate-like crystals of oxalic acid. 

3. Magnesium ammonium phosphate produces large rectangular and octahedral 
crystals which are thick with sloping sides. 

4, Calcium phosphate produces numerous rosettes of precipitation habit. 

5. Cystine produces fan-shaped groups of flat, bar-shaped crystals, thin and trans- 
parent. Confirmation may be made by dissolving a milligram or so of powdered calculi 
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in 2 ml. of strong ammonia and allowing a drop of this solution to evaporate on a slide. 
Transparent crystals in the form of regular hexagons are sometimes observed. A better 
confirmation may be made by the test with nitroprusside previously described (page 
188). 

6. After the hydrochloric acid has evaporated, the residue can be tested for uric 
acid. A murexide test is run directly on the slide. A drop of concentrated nitric acid is 
placed on the dry residue and the slide is then heated gently at first and then rather 
strongly (but not enough to char). The slide is allowed to cool and is then inverted 
over an open bottle of ammonia. In the presence of uric acid or urate, a yellow color 
is developed which turns to a red or purple color. 


6 


METHODS FOR CONDUCTING KIDNEY 
FUNCTION TESTS 


Principles. For clinical purposes the primary object of renal function tests is the 
detection of the presence and degree of renal insufficiency or the reduced capacity of 
the kidneys to carry out their functions. An ideal test would be one determining not 
only the degree of insufficiency but also the exact mechanism involved. However, the 
tests commonly employed are a measure of total functional capacity rather than of 
glomerular filtration and tubular reabsorption separately. Indeed, it appears that only 
the inulin clearance test is a measure of glomerular function alone as inulin does not 
appear to be either excreted or reabsorbed by the tubules and none of the tests em- 
ployed measure the functional capacity of the tubules alone. While it was formerly 
thought essential to study renal function from the standpoint of the individual func- 
tions of the kidneys on the basis of selective injury in the various types of nephritis, 
this is no longer tenable since modern studies have clearly demonstrated that variations 
in the clinical manifestations of renal insufficiency are dependent not only upon renal 
factors, but also upon such extrarenal factors as variations in the acid-base balance 
and in the crystalloid and colloid osmotic balance of the blood and tissues. 

Furthermore, it is evident that renal function tests estimate the functional capacity 
of the kidneys only at the particular time they are conducted and that evidences of 
dysfunction may be only temporary as in acute nephritis, acute infections, urinary tract 
ebstruction and cardiac failure. As a general rule glomerular function is the first to be 
involved. In chronic disease of the kidneys, however, such tests possess far more value 
for prognosis and as a measure of the effectiveness of therapeutic procedures, since 
progressive evidences of dysfunction usually indicate the relentless progress of the 
disease. 

No less than fifty renal function tests have been proposed but only a few have been 
widely accepted. In general terms these may be classified as follows: 


A. Tests based upon the retention of urea nitrogen, total nonprotein nitrogen, creatinine. 
uric acid and sodium chloride in the blood. 

B. Tests based upon the elimination or clearance of urea nitrogen, creatinine and inulin 

C. Tests based upon the concentration (specific gravity) and dilution of urine. 

D 


Tests based upon the elimination of such foreign substances as phenolsulfonephthalein 
and sodium ferrocyanide. 


Apparently the urea clearance test is one of the best for measuring the capacity of 
the kidneys to eliminate their excretory products, while a combined test for the volume 
of urine and its specific gravity is probably best for determining the capacity of the 
kidneys to dilute or concentrate urine. 
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Insofar as a single test is concerned it appears that urea clearance is the most 
satisfactory method for estimating the total active renal tissue. But in view of the 
multiple functions of the kidneys, it is apparent that two or more tests should be 
routinely employed whenever possible. Furthermore, there is a growing conviction that 
all one-sided tests, i.e. all methods in which the blood alone or the urine is examined, 
depend too much on extrarenal influences such as fluid intake, diurnal diuresis, the 
administration of caffeine and other stimulants, severe acidosis and alkalosis, edema 
and large exudates “locking” urea, congestive heart failure, severe anemia, urinary tract 
obstruction, acute infections or hepatic disease with jaundice. 

As far as tests based upon the retention of urea nitrogen, total nonprotein nitrogen 
and creatinine are concerned, it is to be remembered that they are of limited value in 
the detection of slight degrees of renal insufficiency particularly because of the possible 
wide range due to extrarenal factors, the practical difficulties of controlling diet and 
metabolic activities as well as the remarkable reserve powers of the kidneys. The tests 
are, however, far more valuable and reliable in the latter stages of nephritis as well as 
for differentiation between the effects of congestive heart failure and those of nephritis 
on kidney function. In this connection it appears that a retention of the inorganic 
sulfates, with a consequent increase of them in the blood, may occur before other tests 
reveal any change in kidney function. The normal range of these inorganic sulfates is 
from 2.5 to 5.0 mg. per 100 ml. of serum corresponding to 0.8 to 1.7 mg. in terms of 
sulfur. 


VANS SLYKE'S UREA CLEARANCE TEST 


In this test the excretory functions of the kidneys is measured by the amount of 
blood cleared of urea in 1 minute as determined by the ratio of the blood urea to the 
amount of urea excreted in the urine during a fixed time. The technic, including the 
manometric method for urea nitrogen in blood and urine, is described in Chapter 38. 

Under normal conditions the average adult excretes the amount of urea contained 
in 60 to 75 ml. of blood per minute. In other words, the normal clearance is 60 to 75 
per cent. An excretion of 30 to 60 per cent indicates slight, 20 to 40 per cent moderate, 
10 to 30 per cent marked, and below 10 per cent severe functional impairment of the 
kidneys. 


CREATININE CLEARANCE TEST 


This test is based upon the excretion of exogenous creatinine by both glomeruli 
and tubules while endogenous creatinine is probably excreted by the glomeruli alone 
(partly by tubules in advanced renal disease). It is conducted as follows: 1. At 7 A.M. 
give, orally, 3 to 5 gm. creatinine dissolved in 400 ml. of water. 

2. At 8 a.m. a specimen of blood is withdrawn from a vein and the bladder emptied 


(specimen discarded). 
3. At 9 a.m. a second specimen of blood is taken. The bladder is again emptied and 


the specimen saved. 

4. At 10 a.m. a third specimen of blood is taken. The bladder is again emptied and 
the specimen saved. 

5. Creatinine determinations are made of the three specimens of blood and the two 
specimens of urine. 

6. Normally the values vary considerably since 70 to 238 ml. of plasma are cleared 
per minute (average 148 + 34). Below 60 indicates decreased clearance. 


192 METHODS FOR CONDUCTING KIDNEY FUNCTION TESTS 


ALVING AND MILLER'S INULIN CLEARANCE TEST 


This test (Arch. Int. Med., 1940, 66:306) measures the rate of glomerular filtra- 
tion since inulin is not excreted by the tubules or reabsorbed by them. The technic is 
as follows: 1. The test may be conducted any time during the day but preferably in 
the morning. It is advisable to keep the patient in bed. The height and weight are 
accurately recorded for calculation of the area of body surface. 

2. At 6:30 A.m. give the patient a glass of water and thereafter every half hour 
until the test is completed. 

3. Breakfast at 7:30 a.m.: one-half mee of milk and one slice of toast and butter. 

4. At 8 am. collect 15 ml. of blood from a vein as a control and give 10 gm. of 
inulin dissolved in 100 ml. of sterile saline solution at body temperature by intravenous 
injection at the rate of 10 ml. per minute. 

5. Have the patient completely empty the bladder one hour after completion of the 
injection of inulin and discard the specimen. Collect urine 1 and 2 hours thereafter; 
these should be accurately timed, measured and saved. When catheterization is neces- 
sary follow with 3 washings with 20 ml. sterile saline solution; add these washings to 
the urine. 

6. Collect 15 ml. of blood exactly 144 to 2% hours after the completion of the 
injection of inulin. 

7. The two specimens of urine and three specimens of blood are then analyzed for 
inulin according to the methods of Alving, Rubin and Miller (J. Biol. Chem., 1939, 
127:609; J. Clin. Invest., 1940, 18:89; J. Lab. & Clin. Med., 1941, 27:115). 

8. Normally the inulin is removed from 70 ml. of blood per minute per square 
meter of body surface corresponding to 120 to 140 ml. of blood per minute per 1.73 
square meters of body surface. 


CONCENTRATION TESTS 


Mosenthal’s Concentration (Volume and Specific Gravity) Test. This test is 
based upon the volume and specific gravity of the urine during the day and night 
with an ordinary food and fluid intake. If albumin is present, correct the specific 
gravity of each specimen by subtracting 0.003 for each gram per 100 ml. 

1. The patient is permitted the usual food and fluid intake. 

2. Carefully collect in one container all urine voided from 8 a.m. to 8 P.m. This 
should be carefully measured and the specific gravity measured. 

3. Carefully collect in one container all urine voided after 8 P.m. to 8 A.M. of the 
following day. Carefully measure and take the specific gravity. 

4. Normal values are as follows: about 1100 ml. from 8 a.m. to 8 P.M. with a 
specific gravity of 1.010 to 1.020; less than 725 ml. (usually 300 to 500 ml.) from 
8 p.M. to 8 A.M. with a specific gravity of 1.026 or higher. 

Mosenthal’s Test-Meal Method. This test is based upon the characteristics of the 
urine—chiefly the volume of the night urine and variations in specific gravity of two- 
hour specimens taken during the day—when the patient is on a prescribed diet. When 
the kidneys are normal, the volume and specific gravity of the urine vary greatly to 
maintain a normal concentration of body fluids in spite of the periodic intake of food 
and water. 

1. Upon the day of the test, and preferably also the day preceding, the patient 
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is placed upon a full diet. But at least a pint of fluid (tea, coffee or water) must be 
taken at each meal with no food or liquid of any sort between meals or until after 
8 A.M. the following day. 

2. Have the patient empty the bladder before breakfast. 

3. Collect specimens of urine in separate containers every 2 hours from 10 A.M. 
to 6 P.m., making 6 in all. 

4. Collect all urine in one container between 8 p.m. and 8 a.m. of the following 
day. 

5. Carefully measure and take the specific gravity of all 7 specimens. If albumin 
is present, subtract 0.003 from the specific gravity for each gram per 100 ml. Make 
sure that all specimens are of the same temperature as otherwise misleading specific 
gravity readings may occur. 

6. Normally the results are as follows: (a) The night urine will be much less than 
the total day urine. It is usually 250 to 350 ml., and will seldom exceed 400 to 500 ml.; 
750 ml. is the maximum. Its specific gravity will usually be 1.018 or above. (b) The 
highest specific gravity recorded for the two-hour day specimens will exceed 1.018 
while the difference between the highest and lowest will be not less than 8 or 9 points. 
If, for example, the most concentrated specimen has a specific gravity of 1.020, the 
most dilute will be 1.011 or less. 

7. A volume of night urine exceeding 750 ml. is usually one of the earliest evidences 
of impaired kidney function. 

8. Fixation of the specific gravity, that is, lessened variation in the specific gravities 
of the two-hour specimens, is also an important sign of renal functional impairment. 
In advanced cases the difference between the highest and lowest specific gravities may 
be only 1 or 2 points. As a rule, the level at which the specific gravity is fixed ap- 
proaches 1.011 as the functional impairment increases and the kidneys lose their ability 
to concentrate. 

Volhard and Fahr’s Concentration Test. 1. Allow no foods from the evening 
before the test until it is finished, with no food between meals. 

2. Breakfast at 8 A.m.: dry cereal with sugar, syrup, or honey; no milk; one egg; 
toast or plain bread with butter. 

3. Dinner at noon: roast beef, steak, or chops; potatoes boiled or baked; bread 
and butter; jam. 

4. Supper at 5 P.m.: two eggs; bread and butter; jam. 

5. At 8 a.m. of the same day have the patient void and save the specimen. There- 
after have the patient void at 11 A.M., 2 P.M., 5 P.M., and 8 P.M. Save each specimen 
in a separate container. After 8 p.m. to 8 A.M. of the following day collect all urine 
in one container. 

6. Note the quantity and specific gravity of each of the 6 specimens of urine. 

7. Normally, the specific gravity of at least one specimen should be 1.030, or at 
least 1.025. 

Fishberg’s Concentration (Specific Gravity) Test. This test is based upon the 
specific gravity of 3 specimens of urine voided at hourly intervals in the morning and 
after supper at 6 p.m. (considerable protein) with minimal amounts of fluid. 

1. Have the patient eat a regular evening meal at 6 P.M. with a minimal amount of 


fluid and a considerable amount of protein. 
2. Discard all urine voided during the night. 
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3. Save the first sample of urine voided in the morning. 

4. Have the patient rest in bed for an hour when a second sample of urine should 
be voided and saved. 

5. If possible, the patient should arise and after one hour’s activity a third sample 
of urine should be collected and saved. 

6. Accurately determine the specific gravity of each of the 3 specimens. If much 
albumin is present the specific gravity should be corrected by subtracting 0.003 for 
each gram per 100 ml. 

7. Normally the specific gravity of at least 1 specimen should be 1.025 or higher. 

Fishberg’s Water Function Test. This is a test of the water excretory function of 
the kidneys and is primarily a measure of the blood supply to these organs. It makes 
use of the normal diurnal diuresis which begins in the early morning. 

1. Omit breakfast. For dinner and supper give the usual routine nephritic diet or 
the diet to which the patient has been accustomed. Permit 1 glass of water after supper. 

2. At 8 a.m. have the patient empty the bladder and give 1500 ml. of water. Dis- 
card the urine. 

3. Collect urine in separate containers at hourly intervals, beginning at 9 a.m. and 
ending at 12 noon, making 4 specimens in all. 

4. Carefully measure and take the specific gravity of each specimen. 

5. Normally the first hour specimen is about 400 ml. with a specific gravity of 
1.001 to 1.003. Thereafter the volume is less with higher specific gravity amounting 
to about 100 ml. with a specific gravity of 1.012 to 1.016 at the fourth hour. The total 
volume of urine should be 80 to 120 per cent of the intake of water (about 1200 ml.). 

Lashmet and Newburgh’s Concentration Test. This test is based upon the specific 
gravity of urine voided during the day with the patient on a special diet with no fluids. 

1. After 10 p.m. of the day preceding the test, all fluid and food except a special 
diet are withheld from the patient. This special diet contains protein 40 gm., fat 104 
gm., carbohydrate 240 gm., and sodium chloride 1 gm. It is equavilent to 1900 calories. 

2. At 8 a.m. of the test day, during which only the prescribed diet is administered, 
empty bladder and discard urine. 

3. Collect all urine from 8 A.M. to 8 P.M. as specimen 1. 

4, At 10 a.m. the following day collect urine as specimen 2. 

5. At 12 noon collect urine as specimen 3. 

6. Determine specific gravity of the 3 specimens. 

7. Under the conditions of this test normal kidneys are able to concentrate the 
urine to a specific gravity between 1.029 and 1.032, while diseased kidneys cannot. The 
lower the concentrating ability, the greater the renal damage. 

Addis and Shevky’s Concentration Test. This test is based upon the specific 
gravity of urine passed from 8 p.m. to 8 a.m. after the patient abstains from fluids for 
approximately 24 hours. 

1. The patient abstains from fluid approximately 24 hours (after breakfast of one 
day until arising the next day). 

2. Urine voided during the first 12 hours is discarded. 

3. Urine voided during the last 12 hours (8 p.m. to 8 a.m.) is collected and the 
specific gravity determined. 

4. Normal kidneys show a specific gravity above 1.026 (100 per cent) and 1.028 
or above in 95 per cent. The average is about 1.032 


PHENOLSULFONEPHTHALEIN TESTS 195 


PHENOLSULFONEPHTHALEIN TESTS 


Principles. The elimination of phenosulfonephthalein is normally independent of 
urine volume. About 40 per cent of the dye is retained in the liver and the balance 
eliminated by glomerular filtration and tubular excretion. These tests should not be 
conducted if the patient is taking saline cathartics as they tend to delay elimination 
of the dye. The tests may be used for testing each kidney separately. Ureteral catheter- 
ization, however, may cause some inhibition of excretion. 

Rowntree and Geraghty’s Test. 1. Give the patient 300 to 400 ml. (about 2 
glasses) of water to promote diuresis. Smoking and the drinking of coffee or tea should 
be forbidden at least 2 hours prior to, and during, the test. 

2. Twenty minutes later have the patient empty the bladder and discard the urine. 
In case of necessity, catheterize. 

3. Then inject intramuscularly exactly 1 ml. of the sterile phenolsulfonephthalein 
solution. 

4. Exactly 1 hour and 10 minutes later have the patient empty the bladder (or 
catheterize) and save the urine. 

5. Exactly 1 hour later (2 hours and 10 minutes after the injection) have the 
patient empty the bladder (or catheterize) and save the urine. 

6. Record and report the volume of each of the one hour portions of urine. If the 
volume of either specimen is very low, less than 40 ml., the results are not dependable. 

7. In a graduate or volumetric flask, dilute each 
of the specimens of urine with water to about 800 
ml. Add about 5 ml. of 10 per cent sodium hydroxide 
solution or enough to bring out the maximum 
purplish-red color; add water to each to 1000 ml. 
and mix thoroughly. 

8. Prepare a standard by diluting exactly 1 ml. 
of the phenolsulfonephthalein solution with about 
800 ml. of water. Alkalize with sodium hydroxide 
solution to obtain the maximum color and dilute to 
1000 ml. with water. Since this contains the same : } , 

cae : Fig. 97. Dunning colorimeter. 
amount of the drug as was injected, it may be te CEedteay OF arth HL toate 
garded as a 100 per cent standard-color solution. Company.) 
As a rule, no more than 100 ml. of the standard 
solution will be required and there usually will be enough of the solution left in the 
original ampule to make this amount. 

9. Filter the diluted and alkalinized specimens of urine and compare with the 
standard in a colorimeter. The Dunning colorimeter (Fig. 97) consists of 13 sealed 
ampules containing standard color solutions of different percentages, an open ampule 
in which the unknown specimen is placed, and a comparison box. It is very satisfactory 
for office work because the physician need not make his own standard solution. When 
kept in the dark the colors remain satisfactory for over a year with very little fading. 

10. Otherwise, the Duboscq colorimeter may be used with U set at 10 mm. If 
V equals the volume of urine in ml. to which it was diluted and S the standard, the 
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percentage of dye excreted equals 100 
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11. In the absence of a colorimeter, a series of standards, representing 10, 20, 30, 
40 per cent, and so forth, may be made up by diluting the 100 per cent standard. The 
unknown is then matched against these in test tubes of the same diameter. The stand- 
ard solution which matches the unknown indicates the percentage of the drug excreted. 
If, for example, the first hour’s specimen is matched by the 30 per cent standard and 
the second hour’s specimen by the 20 per cent standard, then the phenolsulfone- 
phthalein excretion for the two periods is 30 and 20 per cent, respectively, and for the 
two hours is 50 per cent. 

12. Normally the kidneys eliminate 40 to 60 per cent of the dye in the first hour 
urine and 20 to 25 per cent in the second hour specimen with a total-elimination of 
60 to 85 per cent. 

13. If the urine is collected separately from each kidney by ureteral catheterization, 
the dye first appears normally in 5 to 10 minutes after its intramuscular injection. 

Shaw’s Fractional Test. This test is especially useful when the patient has general 
edema. The total elimination may be normal in cases of acute nephritis, but an elimina- 
tion of less than 25 per cent of the dye in the first 15 minutes after its injection may be 
the earliest evidence of renal impairment. 

1. The patient empties the bladder and drinks 600 ml. of water. The urine is 
discarded. 

2. Within an hour inject 1 ml. of sterile phenolsulfonephthalein solution intra- 
venously. 

3. Have the patient void urine exactly 15, 30 and 60 minutes after the dye is 
injected. 

4. Prepare a standard by diluting exactly 1 ml. of phenolsulfonephthalein solution 
to 1000 ml. with distilled water made alkaline by the addition of sodium hydroxide 
solution. 

5. Determine the dye content with both specimens of urine as follows: add to 
each specimen a 10 per cent solution of sodium hydroxide slowly, stirring until the 
maximal red color is obtained. Dilute the alkaline urine to a volume between 100 and 
1000 ml. so that the color of the standard is approximated. Determine the percentage of 
elimination by means of the Duboscq or Dunning colorimeters as previously described. 

6. Under normal conditions the dye first appears in the urine in 3 to 5 minutes. 
The total output for each kidney is more important than the time of appearance. 
This, for the 2 kidneys together, is about 28 to 51 per cent in 15 minutes; 13 to 24 
per cent in the first half hour; and 9 to 17 per cent in the first hour. When one kidney 
is defective the time of appearance of the dye is delayed and the total elimination is 
reduced. Under such circumstances the other kidney may compensate to a greater or 
less degree by increased elimination. 

The test may be applied to the two kidneys separately as follows: 1. Give the 
patient 2 glasses of water about 4 hour beforehand. 

2. Introduce catheters into the 2 ureters. 

3. Immediately inject 1 ml. of the phenolsulfonephthalein solution intravenously. 

4. Collect urine directly into 2 test tubes which contain a few drops of 10 per cent 
sodium hydroxide solution 15, 30 and 60 minutes after the injection. 

5. The time of first appearance of the dye in the urine, indicated by the appearance 
of a red color in the tubes, is noted. When the catheters are removed care should be 
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taken to ascertain whether any urine has leaked past them into the bladder as this 
accident would confuse results. 

6. The percentage of dye in each specimen is determined as previously described. 
Normally the dye first appears in 3 to 5 minutes, although it may sometimes be delayed 
for one or both kidneys as a result of reflex inhibition due to ureteral catheterization. 
The total output for each kidney is more important than the time of appearance. 

7. Normally the total output for the two kidneys together is 35 to 45 per cent in 
15 minutes, 50 to 60 per cent in 30 minutes, and 65 to 80 per cent in 60 minutes. 


CONGO RED TEST FOR AMYLOIDOSIS AND NEPHROSIS 


Principles. Since Bennhold discovered that Congo red injected intravenously is 
rapidly absorbed by amyloid deposits in advanced amyloidosis, during the past several 
years the test has been used very extensively for diagnostic purposes, especially for the 
detection of amyloidosis in patients with chronic pulmonary tuberculosis and suppura- 
tive diseases. Furthermore, in lipoid nephrosis it is more rapidly excreted into the urine 
than in normal individuals. 

Procedure. 1. Inject intravenously 1 ml. of a 1 per cent aqueous solution of Congo 
red per 10 pounds of body weight. 

2. Exactly 4 minutes later, and again at the expiration of 1 hour, remove 10 ml. 
amounts of blood and place them in clean, dry test tubes for coagulation and the 
separation of serum which should be centrifuged. Or, each specimen of blood may be 
collected in test tubes carrying 20 mg. of powdered potassium oxalate and thoroughly 
mixed for the separation of plasma. 

3. Urine should be collected at the end of 1 hour. Note the color. 

4. Centrifuge the bloods to obtain clear serum or plasma. 

5. Compare the 2 specimens in a colorimeter, using the 4-minute sample as the 
standard. Set the standard at 10 mm. and note the reading of the 1-hour sample. 

6. Calculate as follows: 


mm. 4-minute sample 
mm. 1-hour sample 
100 — per cent in plasma = per cent of dye disappeared. 


* 100 = per cent dye remaining in the plasma 


7. The presence of Congo red in the serum is the normal negative reaction. In 
normal individuals less than 40 per cent of the dye disappears from the blood in 1 hour. 
In amyloidosis the disappearance of 60 to 100 per cent of the dye in 4 minutes is a 
consistent finding. In some cases of amyloidosis, however, it is necessary to examine 
blood 2 minutes after the injection of the dye and compare the results with the 4-minute 
specimen. Since small amounts of amyloid may not absorb more than 40 per cent of 
the dye in an hour, the absorption of 40 or less per cent does not exclude amyloidosis. 
If in doubt as to the presence of Congo red, add a few drops of hydrochloric acid and 
note the color. The presence of a bluish color indicates a normal negative reaction. 

8. In lipoid nephrosis, from 40 to 60 per cent of the dye disappears from the blood 
in an hour. If the urine shows the presence of the dye with the disappearance of more 
than 40 per cent in the blood, nephrosis is the most probable diagnosis. 


METHODS FOR THE EXAMINATION OF SALIVA 


Principles. 1. From the clinical standpoint examinations of specimens of saliva 
are of most interest in relation to alterations in the amounts secreted and their chemical 
composition. Bacteriologic and mycologic examinations also possess clinical value. 

2. Saliva is secreted mainly by the parotid, submaxillary and sublingual glands 
with small. amounts contributed by small glands scattered over the buccal mucous 
membrane. The cells of the parotid gland are of the serous variety with the secretion 
of a thin watery fluid, while those of the submaxillary and sublingual glands are a 
mixture of serous and mucous types with the secretion of a slightly viscid watery fluid. 
Secretion is mainly excited through the mediation of nerves, probably through the 
agency of a substance liberated at their endings in the glands. This serves for the 
immediate need of the secretions for the mastication and digestion of foods. Otherwise, 
secretion is controlled by hormones. The salivary cells, however, are by no means 
unsusceptible to chemical influences, for a number of substances, e.g. drugs and 
abnormal metabolic products, reaching them through the blood are capable of influenc- 
ing their activity. 


COLLECTION 


1. Clean the teeth, gargle with a mild antiseptic and rinse thoroughly with water. 
Chew a piece of paraffin of comfortable size and collect the saliva in two successive 
portions of 6 to 8 ml. each. Do not collect nasal mucus. The first sample contains most 
of the food particles and débris and should be discarded. The second sample is used 
for examination. 

2. Or, if the reaction is not to be determined, the mouth may be prepared as 
described and the tongue touched with a small glass rod dipped in 5 per cent acetic 
acid. Withdraw saliva from under the tongue by means of a pipet or medicine dropper. 


PHYSICAL EXAMINATIONS 


Amount and Reaction. Normally from 1200 to 1500 ml. of mixed saliva is excreted 
in 24 hours. When collected with precautions against the loss of CO., the reaction is 
slightly acid with a pH varying from 5.75 to 7.05 and in relation to the CO. content of 
the blood; otherwise the pH of mixed saliva is about 7.14 + 0.04. Consequently an 
increase of CO, in the blood results in an increase of the gas in the saliva with an 
increase of acidity. 

Reduction or suppression of the salivary secretion is known as xerostomia or 
aptyalism. On rare occasions it is permanent or idiopathic but little is known of its 
cause. Temporary xerostomia, however, is not uncommon and may be due not only to 
emotional states or salivary calculi blocking the ducts (szalolithiasis), but to fluid loss 
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in fevers, diabetes mellitus, diabetes insipidus, chronic nephritis with edema, severe 
diarrhea, severe vomiting, or excessive perspiration and also after the administration 
of belladonna or opium. 

An increase of saliva known as salivation, sialorrhea or ptyalism may be due to 
many causes. It is not uncommon in pregnancy, due to reflex origin or some metabolic 
product. It also occurs in nausea, hysteria, migraine, facial paralysis, paralysis agitans, 
tic douloureux and emotional shock of nervous origin. 

It may also result reflexly from stimuli arising in the esophagus, stomach or 
duodenum, as in peptic ulcer, carcinoma of the stomach, or the passage of a stomach 
tube, as well as in hepatic and pancreatic disease. Under these circumstances the 
excessive saliva may escavde notice, pass down the esophagus and collect above the 
cardiac sphincter, especially after meals, to be later brought up in gushes without 
vomiting or nausea and constituting water-brash. 

Since the salivary glands respond to stimuli, painful or otherwise, salivation may 
be associated with abnormal conditions of the mouth including not only teething of 
infants but caries of the teeth and ill-fitting dentures, as well as with stomatitis, 
gingivitis, scurvy, purpura or pernicious anemia. Furthermore, salivation may be pro- 
duced by various drugs and poisons such 
as mercury, bismuth, copper, lead, 
iodides, bromides, pilocarpine, potassium 
chlorate and tobacco. 

Specific Gravity. Normally the spe- 
cific gravity averages about 1.007. It 
may be determined by the use of a uri- 
nometer or special type of hydrometer 
but possesses little clinical interest or 
value. 


MICROSCOPIC EXAMINATIONS 


1. Make a smear on a glass slide and 
examine unstained for epithelial cells, 
leukocytes, erythrocytes, salivary cor- 
puscles, yeasts, molds and other struc- 
tures. The slide may be stained with Figecaa scalars Neer uesice 


methylene blue, dilute carbofuchsin or (From Lyon, An Atlas on Biliary Drainage 
by the method of Gram and examined Microscopy. Courtesy of Lea and Febiger Com- 


for the various cells, bacteria and fat P@9¥? 


droplets. 
2. Normally, columnar and squamous epithelial cells and salivary corpuscles are 


found (Fig. 98). Under pathologic conditions erythrocytes, pus cells and other struc- 
tures may be observed. 


CHEMICAL EXAMINATIONS 


Hench and Aldroch’s Salivary Urea Index Test. This test is based upon the 
principle that mercuric chloride combines with the urea, ammonia, and other nitroge- 
nous constituents of saliva, chief of which is urea, to form a complex salt of mercury. 
An excess of mercuric chloride is shown by the formation of red mercuric carbonate 
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on addition of a drop of the mixture to a solution of sodium carbonate. In the saliva, 
urea is broken down by bacterial action with ammonium carbonate. Therefore, the 
mercuric chloride required for both of these materials is calculated as urea. 

1. Prepare the reagent by dissolving 5 gm. of mercuric chloride in 100 ml. of 
distilled water. Prepare a second reagent by dissolving 5 gm. of anhydrous sodium 
carbonate in 50 ml. of warm distilled water; cool and filter. 

2. By means of a pipet transfer 5 ml. of the saliva to a small flask or beaker. 

3. Add 5 per cent solution of mercuric chloride from a buret or pipet a few drops 
at a time, with constant stirring, until,a drop of the fluid, when added to a drop of 
saturated solution of sodium carbonate on a white porcelain plate, gives a definite 
reddish-brown color. The color should appear within about 3 seconds. If it develops 
more slowly, the end-point is near, but not yet reached, and a few additional drops of 
mercuric chloride must be added. 

4. When the end-point is reached note the number of ml. of mercuric chloride 
solution which have been added, and multiply by 20 to find the number of ml. which 
would be required for 100 ml. of saliva. Record this as the “mercury-combining index.” 

5. The normal mercury-combining index is between 30 and 50 for 100 ml. of 
saliva. When there is retention of urea in the blood the index rises with the blood urea, 
although it lags a little. 

6. The probable blood urea may be roughly calculated as follows: 


1.43 X salivary index — 34 = probable blood urea in milligrams for each 100 ml. 


Qualitative Test for Ptyalin (Salivary Amylase). This test is based upon the 
principle that a solution of starch paste is digested by saliva and the color of the mix- 
ture observed when added to a solution of iodine. From the physiologic standpoint, 
ptyalin, or salivary amylase, is the most important constituent of the saliva. 

1. Prepare the reagent by adding a mixture of 1 gm. of soluble starch in 5 ml. of 
water to 95 ml. of water heated to the boiling-point. Stir constantly until the solution 
again reaches the boiling-point. Allow to cool. A few drops of toluol or chloroform may 
be added as a preservative if the reagent is to be kept more than a few days. 

2. Place 5 ml. of starch solution in a test tube and add 5 drops of saliva. Place in 
a water bath at 37° C. for 15 minutes. 

3. Test at intervals by mixing 1 drop of the mixture with 1 drop of Gram’s iodine 
solution on a white porcelain spot-plate. Note the color. 

4. Successive changes in the color from blue to purple to red, and finally to yellow, 
indicate the presence of ptyalin. 

5. The digestion mixture may also be tested by the Benedict’s qualitative reagent 
for the presence of reducing sugars in the same manner as in the case of urine. A 
positive reaction indicates the presence of ptyalin. 


METHODS FOR THE EXAMINATION OF SPUTUM 


Principles. 1. Sputum consists of material usually brought up from the lungs, 
bronchi or trachea by coughing. The amount of normal mucus secreted by these organs 
is too small to excite expectoration. Strictly stated, sputum does not include saliva or 
the nasopharyngeal secretions but it is not always possible to exclude them in collect- 
ing sputum. 

2. As a general rule, sputum is largely composed of mucous or inflammatory 
exudates produced in the alveoli of the lungs, bronchi, or trachea, or from a combina- 
tion of these sources. Extensive accumulations in the lung, however, can be expec- 
torated only when there is a communication with a bronchus and when the material is 
sufficiently fluid for expectoration. The absence of sputum, therefore, does not exclude 
the possibility of accumulated materials in the lungs. 

3. Sputum may be largely composed of a serous transudate in pulmonary edema. 
Or it may be derived primarily from such adjacent parts as the pleural or peritoneal 
cavities, cysts of the liver, the esophagus or tracheobronchial glands by rupture into 
the trachea, bronchi or lungs. Consequently, sputum does not always indicate that its 
primary source is the lower respiratory tract. Blood may also enter the bronchi and 
be expectorated, due to passive congestion of the lungs, ulceration of the bronchi, or 
trachea, hemorrhagic inflammation involving the alveoli, bronchi or trachea or from 
sources communicating with the latter. 


COLLECTION 


1.Patients should be instructed to collect only material brought up by coughing 
without admixture with saliva or secretions aspirated into the throat from the nasal 
cavity or nasopharynx. It is also advisable for them to thoroughly rinse the mouth 
with water before collection as contamination with food particles may prove misleading. 

2. As a general rule morning sputum, or the entire amount collected over 24 hours, 
is advisable for examination. In some cases of chronic pulmonary tuberculosis there 
may be no cough at all but only small masses of sputum rising to the larynx and 
swallowed without patients realizing their significance. The sputum of infants and 
young children is usually swallowed unless special measures are taken with the latter 
to encourage expectoration. 

3. As a receptacle for sputum a clean, wide-mouthed bottle with a tightly fitting 
cork stopper or a sputum cup may be employed. For cultures the bottle and stopper 
should be sterilized. Patients should be particularly cautioned against smearing any 
of their sputa upon the outside of the container since it may be a source of danger 
to the examiner. Disinfectants such as phenol and formalin should not be added. In case 


of delay in the delivery of the specimens to the laboratory, sputa should be kept in a 
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cold place. After examination the specimen should be destroyed by heat or disinfected 
with a chemical agent. 


PHYSICAL EXAMINATIONS 


Quantity. 1. It is frequently desirable to obtain a general idea of the quantity 
expectorated over daily periods, but accurate measurement is seldom necessary. 

2. The amount per 24 hours usually varies greatly. As previously stated, it may 
be so slight in early tuberculosis as to be entirely overlooked. It is usually scanty in 
acute bronchitis, bronchial asthma, and in the early stages of pneumonia. Large 
amounts varying from 25 to 100 ml. or more are the rule, however, in chronic 
bronchitis, bronchiectasis, gangrene and abscess of the lungs, advanced pulmonary 
tuberculosis with cavitation, pulmonary edema and pulmonary hemorrhage. Large 
amounts may also occur following the rupture of an empyema, a subphrenic abscess 
or a liver abscess into bronchi when there may be sudden violent coughing with a gush 
of pus. 

3. Alterations in the daily output are of some prognostic value. Thus increasing 
amounts in chronic bronchitis, bronchiectasis, tuberculosis and lung abscess indicate 
progression while a gradual decrease indicates healing. A sudden cessation, however, 
is usually due to bronchial plugging followed by a flare-up of fever and constitutional 
symptoms unless drainage is re-established. 

Consistency. 1. Sputa are usually classified as serous, frothy, mucoid or glairy, 
purulent, seropurulent, mucopurulent, or hemorrhagic. These terms are self-explana- 
tory. 

2. The “rusty” sputum of lobar pneumonia is usually so tenacious that the patient 
may have difficulty in raising and expectorating it, especially because of pleuritic pain 
associated with coughing. It is also highly mucoid and sticky in acute bronchitis and 
after an asthmatic attack. 

3. In pulmonary edema, however, it is characteristically serous and frothy with 
traces of blood. It is likewise usually thin and watery in bronchiectasis, tuberculous 
laryngitis and perforating abscesses (hepatic and diaphragmatic). In these conditions 
as well as in lung abscess and gangrene, it is apt to separate into three layers when 
allowed to stand in a tall vessel. Sputa derived from tuberculous and bronchiectatic 
cavities frequently show the presence of mucopurulent masses which flatten out into 
coin-like or “‘mummular” masses when mixed with water. 

Odor. Odor is due to the decomposition of sputum from prolonged retention and 
may be sweet, putrid, sour or cheese-like. In acute infections it is absent or very faint. 
But sputa derived from tuberculous and large bronchiectatic cavities sometimes possess 
a peculiar sweetish sickening odor, while in gangrene of the lung the sputum is usually 
so foul as to require the isolation of the patient. A foul odor may also result from 
necrosis of malignant tumors of the bronchi (especially carcinoma) but it is a late 
sign more often absent than present. Sputa from ruptured subphrenic and liver ab- 
scesses may have a fecal odor, usually due to the presence of E. coli or other intestinal 
bacteria. 

Color. 1. The color of sputum 1s frequently of clinical significance. A great variety 
of colors may be seen as determined by the nature cf the substances present. 

2. When composed largely of mucus it may be colorless and translucent. Muco- 
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purulent sputa are usually whitish-yellow and sometimes streaked with green, due to 
the presence of Ps. aeruginosa, other chromogenic bacteria or old pus. In jaundice, 
caseous tuberculosis and slowly resolving pneumonia, it may assume a uniform bright 
green color due to biliverdin. A dark gray or blackish sputum is usually due to anthra- 
cosis or excessive smoking, especially of cigarettes. When due to the rupture of an 
amebic abscess of the liver into a bronchus, it has a characteristic anchovy-sauce 
appearance. 

3. Of particular importance is the color in relation to the presence of blood 
(hemoptysis). Bright red blood, most commonly in streaks, is strongly suggestive of 
tuberculosis. Blood from tuberculous cavities, however, is usually very dark if due to 
oozing with temporary retention. Blood-stained sputum is likewise common in bronchi- 
ectasis. Needless to state blood may be derived from the nasopharynx, and tuberculous 
individuals frequently mistake this for blood-streaked sputum. 

4. On orange or “rusty” red tenacious and scanty sputum is the rule in the early 
stages of pneumonia as likewise in pulmonary infarction; the color is due to decom- 
posed hemoglobin. A similar color may be due to iron oxides. Later the sputum fre- 
quently becomes more fluid and “prune juice” in color. This type is stated to be 
characteristic of “drunkard’s pneumonia” and is of bad prognostic import because it is 
so likely to be due to an associated pulmonary edema. A brown color, due to altered 
hemoglobin, frequently results from oozing in chronic passive congestion of the lungs, 
especially in congestive heart failure. 


EXAMINATIONS OF UNSTAINED SPUTUM 


Procedures. 1. Pour a portion of the sputum into a petri plate or between two 
large panes of glass (former preferred) to give a thin layer. 

2. Carefully examine against a black background with the aid of a hand lens. 

3. Pick out portions for microscopic ex- 
amination, cover with coverglasses and ex- 
amine with low and high objectives with the 
light well reduced as in the examination of 
urinary sediment. 

4. According to conditions examine for 
Curschmann’s spirals, bronchial casts, Ditt- 
rich’s plugs, pneumoliths, elastic tissue, 
“asbestos bodies,” pigmented cells, myelin 
globules and Charcot-Leyden crystals. 

Curschmann’s Spirals. These peculiar 
structures occur as small whitish or yellow 
wavy threads, frequently coiled into loosely 
or tightly wound little balls (Fig. 99). Their 
exact nature has not been definitely deter- 
mined but microscopically they are usually 


; Fig. 99. Curschmann's spiral showing central 
found to be composed of twisted strands shresd (Wood). 


of mucus enclosing leukocytes (especially 

eosinophils) and sometimes Charcot-Leyden crystals. Their presence in sputum is 
fairly characteristic of bronchial asthma although not present in every attack. Some- 
times they can be found only near the end of a paroxysm. However, they may occez- 
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sionally be met with in chronic bronchitis or other catarrhal conditions, but usually 
with an underlying asthmatic tendency. 

Bronchial Casts. These are usually, but not always, composed of fibrin and grayish 
in color unless stained with hemoglobin when they are of a reddish or brown color. 
They vary greatly in size and are usually rolled into balls or tangled masses best 
detected by floating out sputum in water over a black background. They are usually 
small and without branching in lobar pneumonia during the latter stages, while of 
medium size in fibrinous or chronic plastic bronchitis. Large casts of the bronchi are 
rare but may occur in fibrinous bronchitis and especially in diphtheria as a result of 
extension of the disease into the trachea and bronchi (Fig. 100). 

Dittrich’s Plugs. These con- 
sist of yellowish or gray caseous 
masses, usually about the size of 
a pin-head but sometimes larger, 
emitting a foul odor when 
crushed. Microscopically they 
consist of granular debris, fat 
globules, fatty acid crystals and 
bacteria. Sometimes they are 
expectorated alone. They are 
formed in the bronchi, especially 
in chronic bronchitis, bronchiec- 
tasis and bronchial asthma al- 
though sometimes expectorated 
by apparently healthy individu- 
als. The laity not infrequently 
regard them as evidence of tu- 
berculosis. Caseous masses from 
the crypts of the tonsils may be 
mistaken for them. 

Pneumoliths. At times dur- 
ing the course of chronic tuber- 
culosis small calcified nodules of 
tuberculous tissue may be expec- 
torated and constitute the great 
majority of the so-called ‘“pneu- 
moliths.” However, they may be 
composed of small foreign bodies remaining in the lung tissue or bronchi over long 
periods of time and encrusted with calcium salts which, upon ulceration, are ex- 
pectorated, usually with hemorrhage. 


Fig. 100. Bronchial cast (Wood). 


Elastic Tissue. Since elastic fibers are normally distributed in the walls of the 
alveoli and bronchioles, their presence in the sputum indicates destructive disease of 
these structures and consequently are of very important diagnostic and pregnostic 
significance providing they do not come from food about the teeth, which is not an 
infrequent source of error. They may occur in the sputum in asbestosis, abscess and 
gangrene of the lungs and in ulcerating malignant tumors but in the great majority of 
instances they indicate the presence of active tuberculosis with cavitation: on rare 
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occasions, however, they may occur in early tuberculosis before tubercle bacilli are 
found (Fig. 101). 

Asbestos Bodies. In asbestosis the sputum may show the presence of “asbestos 
bodies” formed in the alveoli by the deposition around asbestos fibers of an iron- 
containing silica gel, derived partly from the fibers and partly from the surrounding 
fluids. Their presence indicates exposure to asbestos dust. Elastic tissue may be present, 
indicative of destruction of lung tissue, with or without “asbestos bodies” or clumps. 

Pigmented Cells. Granules of pigment are sometimes seen in ordinary leukocytes 
or pus cells, but the more common and important pigment-containing cells are large 
mononuclear cells whose origin is still in some doubt. 

The pigment is chiefly hemosiderin. 
To demonstrate them more clearly apply 
a drop of a 10 per ceni solution of potas- 
sium ferrocyanide for a few minutes, fol- 
lowed by a drop of a normal solution of 
hydrochloric acid. A blue color develops 
(prussian blue reaction). Since such cells 
are most frequently found in chronic pas- 
sive congestion of the lungs from conges- 
tive heart failure, they are usually desig- 
nated as heart-failure cells. They may also 
occur in pulmonary infarction, as likewise 
for some time after pulmonary hemor- 
rhage; they may be so numerous as to 


3 : eS 


Fig. 101. Yellow elastic tissue (Morris). 
A, single fibrils, highly magnified; B, al- 
veolar elastic tissue. 


give the sputum a brownish color. Carbon- 
laden cells are less important and character- 
istic of anthrocosis and excessive smoking. 
Myelin Globules. These are colorless, 
round, oval oF pear-shaped globules of vari- Pym foutand Sta Cliat Da 
ous sizes showing peculiar concentric or w. B. Saunders Company.) 
irregular spiral markings (Fig. 102). They 
may occur in the scanty morning sputum of apparently healthy persons, but are espe- 
cially likely to occur in the mucoid sputum of bronchitis. Otherwise, however, they have 
little or no clinical significance except for the chances of mistaking them for more 
important structures, notably blastomyces. 
Charcot-Leyden and Other Crystals. The sputum may contain various crystals 
such as those of hematoidin, cholesterol and fatty acids, especially when retained with 
decomposition, as in bronchiectasis and abscess of the lungs. Fatty acid crystals are 


Fig. 102. Myelin globules x 350. 
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regularly found in Dittrich’s plugs and may be mistaken not only for elastic fibers but 
for clumps of Actinomyces bovis. 

The most important, however, are the colorless, pointed and often needle-like 

Charcot-Leyden crystals (Fig. 103) whose exact nature is still unknown. They seem 

to be in some way connected with the presence of eosinophils 

. and are rarely present except in the sputum of bronchial asthma 

p in which they frequently adhere to Curschmann’s spirals. They 

may be absent when the sputum is expectorated but appear in 


f large numbers after it has stood for some time. 
\ EXAMINATION OF STAINED SPUTUM 
1. Prepare thin smears on slides and stain with Wright’s 
Fiemml Osun Charcot: stain as in differential leukocyte counts. 
Leyden crystals 2. Examine for leukocytes, epithelial cells and erythrocytes. 


(Morris). Differential leukocyte counts are frequently of diagnostic aid 


(cyto-diagnosis). 

3. The presence of an excess of eosinophils in the sputum of bronchial (allergic) 
asthma is so constant that in their absence a diagnosis of this disease is seldom justi- 
fied. In “cardiac asthma” or paroxysmal nocturnal dyspnea due to left ventricular 
failure from hypertension, aortic stenosis or aortic insufficiency, they are almost invari- 
ably present in normal numbers. Since eosinophils are very fragile, large numbers of 
free granules are usually found. A simple method is to stain the dried and fixed smear 
2 or 3 minutes with a saturated aqueous solution of eosin, washing with water and 
staining with Loeffler’s methylene blue for % minute or until the thinner portions of 
the smear become blue. Nuclei are stained blue and eosinophilic granules a bright red. 

4. Polymorphonuclear neutrophils are present as pus cells in every sputum, and 
at times the sputum may consist of little else. In old sputa the cells may be much 
disintegrated and aifficult to recognize; when these cells predominate a pyogenic infec- 
tion may be assumed. 

5. Lymphocytes are generally present in small numbers along with neutrophils, 
from which they are distinguished by the possession of a single round nucleus. In early 
uncomplicated pulmonary tuberculosis they usually predominate. If followed by an 
excess of neutrophils secondary infection is strongly suggested. 

6. Endothelial leukocytes are best studied in unstained sputum as they usually 
occur as pigmented cells. 

7. Epithelial cells may come from any part of the respiratory tract and a few are 
always present. They occur as large squamous cells, cylindric cells (nose, trachea and 
bronchi) and alveolar cells. 

8. Erythrocytes may be present in small numbers in almost any sputum. When 
constantly present in large numbers they are suggestive of pulmonary tuberculosis. 
When fresh they are usually easily recognized. They are commonly so much disinte- 
grated as to be unrecognizable. Tests for occult blood may be required. 

9. Undoubtedly the most frequent examinations of stained sputum are for tubercle 
bacilli. Methods for these as well as for bacteriologic examinations for pneumococci, 
other bacteria, yeasts and molds, are given in Chapters 21 and 26. Various animal 
parasites, or their ova, may also occur in the sputum (Chapter 29). 
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CHEMICAL EXAMINATIONS 


Chemical examinations are seldom conducted although the presence or absence of 
albumin may be of some clinical value. It is almost constantly present in the sputum 
in pneumonia, pulmonary edema, and tuberculosis while usually absent in bronchitis. 

Test for Albumin. 1. Use fresh sputum, as decomposed specimens are unreliable 
and unsatisfactory owing to the disintegration of cells. 

2. Place 10 ml. in a test tube and add 20 ml. of a 3 per cent solution of acetic 
acid in water. 

3. Shake vigorously and filter through paper. 

4. Test the filtrate by the Esbach method for the quantitative determination of 
albumin in the urine (page 144). 

5. Normally only very slight traces of albumin are present. Active cases of pul- 
monary tuberculosis generally show 0.2 per cent or more albumin; slightly active cases, 
less than 0.2 per cent. In chronic bronchitis and asthma only traces are found. 

Test for Occult Blood. The benzidine test described on page 171 for occult blood 
in urine may be employed. 


9 


METHODS FOR THE EXAMINATION OF 
STOMACH CONTENTS 


Principles. 1. Unfortunately, there are several possible sources of error capable 
of involving the accuracy and clinical value of stomach analyses. The passage of the 
tube for the removal of residuum, and again after the test meal, involves not only an 
important psychic stimulation to gastric secretion, but also the swallowing of consider- 
able saliva which, because of its alkalinity, is capable of neutralizing unknown amounts 
of free hydrochloric acid in addition to that neutralized by the alkaline mucus secreted 
by the gastric mucosa which cannot be estimated by any method of analysis. Further- 
more, the regurgitation of alkaline bile containing duodenal contents, which is bound 
to occur in a small percentage of all patients, especially in neurotic individuals and 
those with gallbladder disease, is increased by psychic disturbances causing sufficient 
neutralization of acid in some instances to produce a false achlorhydria. Therefore, 
the presence of saliva and bile in the gastric contents must be reckoned with in the 
clinical interpretation of acid determinations. It is advisable to keep the patient as 
quiet and as free as possible from anxiety and to have the stomach contents removed 
by some one possessing adequate skill and experience. 

2. Moreover, the amount of water or tea given with a test meal involves error due 
to dilution which, in turn, involves the emptying time of the stomach especially when 
its contents are removed one or two hours after a test meal. Furthermore, the bread, 
soda, or arrowroot crackers, or cereals, given with the meal will combine with and 
neutralize surprisingly large amounts of hydrochloric acid up to a certain point, follow- 
ing which free acid will remain in the contents, which likewise involves the important 
factor of emptying time of the stomach. Gross amounts of blood will also reduce acidity 
so that no value can be attached to free hydrochloric acid determinations in cases of 
actively bleeding peptic ulcers or neoplasms. Even traces of blood from trauma of the 
gastric mucosa, or as the result of swallowing, may interfere with the clinical interpreta- 
tion of occult blood tests and microscopic examinations. Occult blood may also occur 
in foods, particularly in meat. 

3. Under the circumstances the kind of stomach tube employed is a matter of 
importance as well as the gentleness and skill with which it is used. That of Rehfuss 
is known best but the Sawyer tube (Fig. 104) is stated to be more readily passed with 
less psychic disturbance. 

Method for Introducing the Stomach Tube. 1. If the patient is neurotic or has 
marked pharyngeal hyperesthesia, swab the fauces with a 2 per cent solution of cocaine 


hydrochloride. 
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2. The patient should be seated with the head tilted slightly forward and the 
clothing protected with towels or an apron. 

3. Place the tip of the tube on the tongue held well out and pass it back to the 
throat. Then the patient is encouraged to swallow quickly upon removal of the fingers, 
while the tube is slowly fed into the mouth. The patient should keep the lips closed and 
breathe deeply. 

The passage of the tube causes slight discomfort in the pharynx and until the tube 
reaches the level of the cricoid cartilage, but after that practically no discomfort is felt. 


Fig. 104. Sawyer tube attached to aspirating syringe. 
(From Todd and Sanford, Clinical Diagnosis by Laboratory Methods. Courtesy of W. B. Saunders 
Company.) 


If the patient has difficulty, he may be given a measured portion of the water of the 
test meal to swallow along with the tube, as this carries the latter to the stomach with 
a minimum of discomfort. The amount so given is, of course, considered in the final 
calculation. 

It is sometimes advantageous to push the tube over to the side of the mouth, back 
of the teeth and passing behind the last molar tooth, just as soon as the tip has passed 
into the esophagus. The patient should keep the mouth closed. This causes less reflex 
gagging and less chance of contaminating the stomach contents with mucus fron: the 


nose and pharynx. 


METHODS OF EXAMINATION 


1. Either of 2 methods may be employed: (a) The older consists in giving an 
Ewald breakfast and removing the stomach contents | hour later. (b) By the newer 
fractional method of Rehfuss, the tube is introduced into the fasting stomach, the 
residuum removed, a meal given with the tube inserted and fractions removed every 
15 minutes for 1 or 2 hours or longer. 

2. If the older method is employed, the Topfer method of chemical analysis may 
be used; if the fractional method is used, each portion is examined for free and total 
acidity, protein and any other tests decided upon. 

3. The newer fractional method is recommended because it permits a study of the 
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gastric residuum, gives much more accurate information of the chemical and enzymic 
activities of the stomach and permits of an estimation of gastric emptying. Both 
methods require fasting for 12 hours. 

4. The amount of the residuum, as well as the presence or absence of retained food 
from the previous regular meal, or after a special meal containing easily recognizable 
materials (rice pudding with raisins, jam with seeds, and spinach) has been given 
6 or 7 hours previously, are important in relation to the motility of the stomach, espe- 
cially in atony, dilatation and pyloric obstruction. 

5. The usual or one hour test meal method is to pass the tube for the removal 
of the stomach residuum. The tube is then removed and the meal given because patients 
cannot usually swallow it with the tube inserted. However, some meals or other stimu- 
lating substances, such as alcohol, are readily administered by injection through the 
tube. If, however, the matter of possible residuum is not of clinical importance, its 
preliminary removal may be omitted, which is particularly advisable, whenever per- 
missible, in nervous individuals, in order to reduce to a minimum sources of error due 
to the swallowing of saliva and the psychic stimulation of increased gastric secretion 
and regurgitation of bile. After the meal (which should be thoroughly masticated) has 
been given, the tube is re-introduced and the stomach contents removed 1 hour after- 
ward, counting from the beginning, not the end of the meal. The entire collection is 
then sent to the laboratory for examination. 

This method, however, has several shortcomings. For example, the amounts of 
hydrochloric acid and total acidity found are not necessarily certain indices of secretory 
activity; furthermore, considerable variations may occur not only in different normal 
individuals but even in the same individual at different times. These, as well as such 
changeable factors as the diluting effect of the meal, the degree of duodenal regurgita- 
tion and the rate of evacuation of the stomach contents, interfere with the clinical 
value of the test for diagnostic purposes. 

6. Therefore, since it is now well recognized that there is great variation in the 
time at which the maximum of secretion of hydrochloric acid and enzymes is reached, 
the fractional method of removal has come into wide use and is generally preferred. 
By this method 5 to 10 ml. of stomach contents are removed by suction at intervals of 
15 minutes over a period of 2 to 3 hours. Its main disadvantage is the possible dis- 
comfort of retaining the tube for this period of time with considerable gagging and 
the swallowing of saliva by nervous individuals. Each specimen is sent to the laboratory 
for examination for the amounts of free hydrochloric acid and the total acidity which 
should be separately reported and charted in curves. 

According to Rehfuss the curves of free hydrochloric acid may occur normally as 
the isosecretory (37 per cent), the hypersecretory (33 per cent) or the hyposecretory 
(30 per cent). In Ayperacidity 5 different curves may occur, namely, (a) the laval, in 
which there is a sharp rise within the first hour with remainder normal; (0) the diges- 
tive, which resembles the normal except that it is greatly exaggerated and prolonged; 
(c) the postdigestive, in which it increases steadily throughout the entire digestive 
period and is maintained in the postdigestive period; (d) the interdigestive which 
may occur independently and (e) the plateau curve. 

Recent investigations, however, have thrown considerable doubt upon the value of 
the method as originally conducted with the Ewald test meal. For example, specimens 
removed from different parts of the stomach at the same intervals may vary consider- 
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ably in acidity, particularly in individuals with gastric disease. For this reason it has 
been suggested that just before each 15 minute extraction the portions be sucked into 
the syringe and forced back several times. Probably the best method of fractional 
analysis is to give a series of test meals upon successive days and to remove the entire 
contents of the stomach on the respective days at different periods of digestion. This 
is not always a practical procedure in view of the discomfort given the patient and the 
time involved. 


TEST MEALS 


Since different foods stimulate the gastric mucosa in different degrees, certain 
standard “test meals” have come into general use. It is customary to give them in the 
morning after a period of fasting. The kind of meal to be given depends to some extent 
upon individual circumstances. 

Ewald Meal. Possibly the best known is that of Ewald which is most frequently 
used because of its blandness. It consists of either 1 roll or 2 slices of plain or toasted 
wheat bread (without butter), weighing about 35 grams with 300 to 400 ml. of water, 
or weak tea without cream or sugar. However, because of its blandness it provides but 
a weak stimulus to the secretion of hydrochloric acid with the result that it vields too 
high a percentage of cases of false achlorhydria, especially if removed 1 hour later. 
Furthermore, the use of rolls or bread introduces the possibility of their containing 
lactic acid and sarcinae. For this reason shredded wheat biscuits, soda crackers or 
arrowroot cookies are preferred. 

Boas Meal. The Boas meal may be used with a preliminary stomach washing the 
previous evening. This meal consists of oatmeal boiled in 800 ml. of water until the 
volume is reduced to 400 ml. However, if retention is suspected because of atony of 
the stomach, dilatation or pyloric obstruction, rendering the removal and examination 
of the residuum particularly of interest, a special meal of easily recognizable materials 
should be given 6 or 7 hours before, composed of rice pudding with currants or raisins, 
jam with seeds, and spinach. 

Riegel Meal. If a more stimulating meal is indicated, as when hypoacidity or 
achylia are suspected, the Riegel meal may be given. This consists of about 200 ml. 
of beef broth, 150 to 200 grams of broiled beef steak (which should be thoroughly 
masticated) and about 100 grams of mashed potatoes. 

Heckman Meal. If it is desired that a meal be given through the stomach tube, 
in order to require its passage but once, the residuum may be removed by suction with 
the syringe and the Heckman meal administered. This consists of 80 ml. of freshly 
prepared egg albumin and 130 ml. of distilled water, to which is added 2 drops of a 
2 per cent solution of methylene blue, with filtration through gauze after heating to 
body temperature. 

Although these meals may yield satisfactory results from a physiologic standpoint, 
there has been a great deal of discussion by gastro-enterologists as to the clinical value 
of the findings. The result has been an increasing tendency to study gastric function 
without a meal, using either a small amount of alcohol as a direct stimulant of secre- 
tion, or a small dose of histamine injected subcutaneously for the same purpose. 

Ehrman Alcohol Meal. As recommended by Bloomfield and Keefer, this meal 
consists of 50 ml. of 7 per cent solution of ethyl alcohol. It possesses the advantages 
of readiness of administration through the tube which thereby is introduced but once, 
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ease of withdrawal, and the possibility of yielding more exact quantitative results since 
there is no insoluble or buffer-containing residue. However, it has the disadvantage of 
affording but little information on the motor activity of the stomach in addition to 
being a somewhat unphysiologic method of gastric stimulation. A modification of this 
alcohol meal has been proposed consisting of the addition of 1 ml. of a 0.1 per cent 
solution of phenolphthalein in 95 per cent alcohol to 49 ml. of 7 per cent alcohol. This 
is believed to make possible a determination of the acidity of pure gastric juice and of 
the exact emptying time, the stomach contents being removed 40 minutes after the 
administration of the meal and sent to, the laboratory for an estimation of acid by 
the Dunning colorimeter. But, while it is simple and rapid to perform, toxic reactions 
may occur with the test contraindicated in patients with hematemesis. On the other 
hand, the plain alcohol meal yields the two most essential items of information, namely, 
the acidity of the pure juice and the volume of gastric secretion with the advantage of 
being administered through the tube. The same is true of the Lewin meal composed of 
a mixture of alcohol and bouillon. 

Histamine Method. This method is particularly of value for differentiating between 
true and false achylia. It provides not only an adequate and physiologic stimulus, 
since it may be a normal constituent of the gastric mucosa as well as a gastric secretory 
hormone, but also the maximum of secretion (especially of hydrochloric acid) with 
similar results on repeated tests. And while it has been objected to on the basis that 
it does not stimulate the pepsinogen producing glands, yet the results observed have 
firmly established its many advantages, particularly since it stimulates the production 
of hydrochloric acid more effectively than the Ewald and alcohol meals. The method 
of Bloomfield and Polland is as follows: 

1. The patient is requested to fast for at least 12 hours (over night) and to lie 
in bed on the back or left side. 

2. A duodenal tube is introduced into the lowest portion of the stomach and the 
residuum removed. 

3. Fasting secretions are then aspirated over 2 or 3 ten-minute intervals until a 
minimum is reached. 

4. A standard amount of histamine hydrochloride, or preferably histamine phos- 
phate, is injected subcutaneously in dose of 0.1 mg. per 10 kilograms (22 pounds) of 
body weight. As a reaction of flushing, increased pulse rate, and sometimes physical 
discomfort may develop, caution must be exercised in the selection of patients. 

5. Gastric secretions are removed 10 minutes later and subsequently at 10-minute 
intervals until the secretory period is ended (usually 1 to 2 hours). All specimens are 
sent to the laboratory for measurement of their amounts and titrations for free hydro- 
chloric acid and total acidity. 

6. However, since one negative histamine test is not conclusive evidence of a true 
or absolute achlorhydria, a double histamine test has been proposed by Rivers, Oster- 
berg and Vansant, for determining not only the maximum potentiality of acid and 
pepsin secretion of the gastric mucosa, but also the capacity for maintaining the 
increased secretory rates over relatively long periods of time. It is conducted as follows: 

The gastric residuum is removed as completely as possible by several aspirations at 
10- or 15-minute intervals. Histamine (0.1 mg. per 10 kg. of body weight) is then 
injected subcutaneously, following which the gastric juice is aspirated for 6 periods 
of 10 or 15 minutes each. At the conclusion of the 60 or 90 minutes. a second dose of 
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histamine similar to the first is injected and specimens again collected at 10- to 
15-minute intervals. Normally there is an initial rise in acidity, followed by a reduction 
about 60 to 90 minutes after the first injection; a second injection produces a second 
rise. 

FRACTIONAL GASTRIC ANALYSIS 


Principles. If properly carried out this constitutes one of the most valuable gastro- 
enterological examinations. Improperly and indifferently performed, it is of little value. 
The following classification represents a summary of the information which may be 
obtained by this method. 


1. Measure of gastric work: 
(a) Secretory function: acid and enzyme determination. 
(6) Motor function: examination of fasting residuum for food and determination 
of the emptying time of the Ewald meal. 


2. Indication of intragastric disease: 
Addition to the gastric secretion of abnormal elements such as: blood (microscopic 
or occult), pus, mucus (of stomach origin), exfoliated epithelium, bacteriai colonies, 
tissue fragments and foreign bodies. 


3. Indications of extragastric disease: 
(a) Extragastric type of acidity curve (indirect evidence). 
(6) Products of extragastric disease (direct evidence) : 

(1) Swallowed pus, blood or mucus as indicative of lesion higher up. 

(2) The presence of bile in the stomach residuum or constant regurgitation 
of bile during the analysis is suggestive of abnormal motor activity of the 
pylorus and duodenum. Pathologic products in this bile residuum as 
blood, pus, mucus, exfoliated gall tract epithelium, cholesterin crystals, 
and numerous bile-stained organisms may be due to disease beyond the 
pylorus. 


Procedure. 1. Patient may be instructed to take a meal 12 hours preceding the 
examination. A dish of rice and raisins, a meat sandwich and 30 raisins or a meal to 
include 4 stewed prunes will be satisfactory as the plan is to ingest some heavy cellulose 
which will be readily recognized in the gastric residuum the following morning upon 
inspection. 

2. The teeth should not be brushed on the morning of the examination to exclude 
any possibility of swallowing blood. 

3. A gastroduodenal tube is passed to a point 56 cm. from the lips as described 
earlier. Note should be made of the amount of gagging and retching which accompanies 
the passage of the tube. The reason for this observation is twofold. When there is con- 
siderable gagging and retching, bile is frequently regurgitated into the stomach. 
Recently regurgitated bile will be of lemon yellow tint. Bile, after being in the stomach, 
becomes of a greenish turbid hue due to the action of the hydrochloric acid. Conse- 
quently the finding of some lemon yellow bile in the stomach is usually due to regurgita- 
tion during the passage of the tube and is of no significance. 

4. Extract all of the residuum with as little traumatism as possible. Measure the 
quantity and save for examination. 

5. With the tube inserted give the Ewald test meal, i.e., 35 grams of bread without 
the crust or a shredded wheat biscuit and 350 ml. of water. Instruct the patient to 
thoroughly masticate the bread or shredded wheat before swallowing. 

6. Any saliva which forms in the mouth after the meal is finished is to be expec- 
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torated into a basin and must not be swallowed. The irritation of the tube in some 
patients will cause an almost constant flow of saliva. If it is swallowed it wiil greatly 
reduce the stomach acidity. The amount of saliva expectorated in the two-hour period 
is measured and recorded. Normally from 25 to 50 ml. or less will be expectorated. 
If 200 ml. or more are obtained, hyperptyalism is present, which may constitute evi- 
dence of vagotonia. The saliva may be examined microscopically and chemically for 
enzyme content to eliminate any disease of the salivary glands if there are pointings 
in that direction. 

7. An extraction should be made every 15 minutes or the test may be simplified 
by making extractions every 30 minutes. An amount approximating 10 ml. should be 
withdrawn with each extraction in order that a sufficient quantity of juice will be 
available for any special examinations which may be desired. In making the extrac- 
tions, as little traction on the syringe as possible is desirable. If considerable suction 
is made on the syringe when the tube is collapsed, the mucosa will be traumatized with 
possible occult or gross bleeding. If such traumatism has been caused it is well to note 
the fact so that the occult blood reactions may be properly interpreted. It will be 
remembered that one of the important points to be learned from the fractional exam- 
ination is the motor power of the stomach. With this in mind there are two methods 
of terminating the examination: 

The method recommended is to withdraw specimens every 15 minutes for a period 
of 2 hours from the time of ingestion of the meal. Then at the end of 2 hours the 
stomach is emptied by the syringe and the amount of chyme left in the stomach is 
measured and recorded. A food residue of much over 5 ml. at the end of the 2-hour 
period is indicative of delay in emptying. The amount of the residue will indicate the 
degree of hypomotility. After the stomach has been emptied with the syringe, a lavage 
of 250 ml. of water should be made. Allow that amount of water to run in and out. 
This will give positive information as to the emptiness of the stomach and will act as 
a check on the emptying of the stomach with the syringe. 

The other method consists in withdrawing 15-minute extractions until the stomach 
is completely empty to get the measure of motility of the stomach. This procedure takes 
considerably longer in the hypomotile cases and is not necessary if one gauges the 
amount of food remaining in the stomach at the end of 2 hours and learns to compute 
the degree of motor impairment. The first procedure also has the advantage of requir- 
ing less time and being less tiring to the patient. 

8. The following data should be recorded concerning each sample which is ex- 
tracted: 


(a) A record is made of the amount of material which is withdrawn at each extraction. 
It is well not to remove more than 10 ml. each time in order to allow the bulk of the food 
to be acted upon by the stomach. At the end of 2 hours the stomach is emptied. In order 
to be sure that the stomach is empty the patient should be told to assume various positions, 
aspiration being done in each position, 7.e. on the back, abdomen, right side and left side. 
The amount withdrawn at this last extraction is also recorded. The sum of the amounts with- 
drawn throughout the examination subtracted from the amount of liquid given with the meal 
will represent roughly the amount of fluid which has passed through the pylorus in 2 hours. 
This, of course, does not allow for the amount of juice secreted. 

(b) A rough estimation of the amount of food withdrawn with each extraction should 
be made. This will give some idea of the motility of the stomach. If after an hour or an 
hour and one-half no food is obtained with the extraction, rapid emptying must be suspected, 
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providing the tube is in the right position. If a residue at the end of 2 hours shows more than 
10 ml. of food at the bottom of the glass, the stomach emptying power is delayed. In the 
presence of an abnormal amount of food at this time, it is often impossible to extract all of 
the stomach residue. For this reason it is well routinely to lavage the stomach with 250 ml. 
of water after the last extraction has been made. The amount of food residue in the return 
wash is recorded. Finding more than 10 ml. of food in the return wash and the last extraction 
combined indicates hypomotility. The more above 10 ml. the greater the degree of delayed 
emptying or obstruction. This is one of the most important steps in fractional gastric analysis. 
Too often in routine hospital and office work the examiner is satisfied with a report of the 
acidity alone, which constitutes only a minor part of the information which may be obtained 
if this test is carried out properly. This method of testing the emptying time of the stomach 
is just as accurate as the 6-hour barium x-ray meal and can be carried out often when an 
X-ray examination is not feasible. It checks with the x-ray method in severe cases of 
obstruction and is a more refined and accurate method where the delay is slight. 

(c) A record is made of the color of each extraction. Bile, regurgitating into the stomach, 
gives the stomach juices a yellow or greenish tint. The amount of bile should be recorded. 
It should be gauged by the intensity of the color, and recorded as plus 1, 2, 3 and 4. Bile may 
be found in the normal stomach. 


Gross blood in the stomach often gives the contents a diffuse brown tint. A suffi- 
cient amount of blood to cause its macroscopic appearance in the stomach juice means 
serious disease of or about the stomach, unless the blood has been swallowed. Bright 
red blood may be due to trauma from the tube tip. This occurs more readily in the 
presence of disease of the gastric mucosa. 


NORMAL STOMACH CONTENTS 


Pure human gastric juice obtained through a fistula has been found to be a colorless 
fluid containing 0.40 to 0.60 per cent free hydrochloric acid, a total acidity of 0.45 to 
0.60 per cent, organic solids (including mucin and the various enzymes) 0.42 to 0.46 
per cent, and inorganic solids 0.13 to 0.14 per cent, with a specific gravity varying 
from 1.006 to 1.009. Total nitrogen varies from 0.051 to 0.075 per cent. In other 
words, it is composed essentially of hydrochloric acid, mucin, enzymes and inorganic 
salts. 

The Gastric Residuum. The normal gastric residuum obtained by the stomach 
tube during an interdigestive period usually varies in amount from 20 to 100 ml. with 
an average of 30 to 50 ml. It may be slightly yellow or green in color due to the 
regurgitation of small amounts of bile. It is fluid in consistency and contains only a 
small amount of ropy mucus, derived from the stomach or nasopharynx, but normally 
contains no solid food particles. The free hydrochloric acid expressed in terms of the 
number of millimeters of decinormal sodium hydroxide solution required for the 
neutralization of 100 ml. usually varies from 0 to 30 degrees (average 18.5) or from 
0 to 0.1095 per cent (average 0.0675 per cent). Total acidity due to hydrochloric 
acid, hydrochloric acid combined with protein and acid salts (phosphates and carbon- 
ates) with possible traces of organic acids, varies from 10 to 50 degrees or from 0.0365 
to 0.1825 per cent (average 0.1095 per cent). Organic acids (lactic, butyric and other 
volatile fatty acids) are not normally present. The same is true of b/ood unless swal- 
lowed or due to trauma through collection. Enzymes (pepsin, rennin and lipase) are 
present. 

The Gastric Contents After the One Hour Ewald Test Meal. Stomach contents 
removed 1 hour after the Ewald test meal, or one of its modifications, usually vary in 
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amount from 50 to 100 ml. Upon standing, an upper layer of almost clear and faintly 
yellow fluid (due to traces of bile) forms with a lower layer of partially digested food. 
A small amount of mucus is present, easily recognized by its ropy character when the 
fluid is passed from one vessel into another. 

The reaction is normally acid but the amounts of free hydrochloric acid vary con- 
siderably in relation to age and sex. Thus Vanzant and his colleagues have observed 
that it increases rapidly from childhood up to the age of 20 years when adult values 
are obtained. In men this generally varies from 45 to 66 degrees declining to 30 to 56 
degrees after the age of 65 years. In women the average generally varies from 35 to 51 
degrees throughout adult life so that in general terms it may be stated that the free 
hydrochloric acid varies from 30 to 60 degrees or from 0.1 to 0.2 per cent for adults 
of either sex, being slightly higher in men than women. 

Naturally total acidity also shows similar variations due to age and sex but aver- 
ages 50 to 100 degrees or 0.2 to 0.3 per cent for adults of either sex. The presence of 
free hydrochloric acid always presupposes a normal amount of combined hydrochloric 
acid. When, however, free acid is absent, it is important to ascertain whether any acid 
is secreted, and an estimation of the combined acid or acid deficit then becomes of 
great value. Normally the combined hydrochloric acid varies from about 10 to 15 
degrees, the quantity depending upon the amount of protein in the test meal, being 
somewhat higher after the Riegel meal. 

In this connection it is to be remembered, therefore, that hydrochloric acid may 
exist in the stomach not only in a free state and in combination with the proteins of 
foods, but also as salts of hydrochloric acid (total chloride) which are neutral in reac- 
tion. For this reason various investigators have considered the curve of total chloride 
as being more nearly representative of the true state of secretion of hydrochloric acid. 
During interdigestive periods the total chloride (in terms of Cl) is about 40 per cent 
higher than that of the blood plasma, averaging about 500 mg. per 100 ml. of residuum. 
Variable amounts occur in different normal individuals but the variation is not as 
great as in the case of free hydrochloric acid; furthermore, it is more constant than 
the latter in the same individual at different times. It is slightly increased during 
digestion, reaching from 550 to 600 mg. per 100 ml., and may continue to rise after 
the acid curve has begun to fall. This is due to the continued excretion of HCl with 
neutralization and is particularly common in patients with excessive regurgitation 
from the duodenum. 

The estimation of total chloride in the gastric contents is, therefore, particularly 
valuable in differentiation between true and false achlorhydria being low (200 to 300 
mg.) in the former and usually normal in the latter. 

Lactic acid is absent unless introduced with the food, for this reason an Ewald 
meal made up with arrowroot cookies or shredded wheat biscuit is preferred to bread. 
Although lactic acid is often present early in digestion, it disappears when free hydro- 
chloric acid begins to appear. Blood is not present unless swallowed or due to trauma 
from the tube although the possibility of traces due to its presence in the meat of the 
Riegel meal must be kept in mind. Enzymes (pepsin and rennin) are usually present 
unless hydrochloric acid is absent; lipase is also normally present. 

The Gastric Contents in the Ewald Test Meal by the Fractional Method of 
Analysis. The results of analysis by this method are likewise influenced by age and 
sex. In the case of adults of either sex, however, both the free hydrochloric acid and 
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total acidity normally reach their maximum in 60 to 90 minutes. As previously stated, 
recent investigations have thrown doubt upon its clinical value because specimens 
removed from different parts of the stomach at the same time may differ considerably, 
especially in individuals with gastric disease. For this reason it has been suggested 
that before the removal of each fifteen-minute specimen the contents be mixed by 
sucking a portion into the syringe, and forcing it back into the stomach. 

The Gastric Contents in the Histamine Test. Widely variable results have been 
observed in normal individuals. Thus, when conducted without a meal the maximum 
ten-minute volume of gastric juice may vary from 6 to as much as 35 ml. and even 
reach as high as 70 ml. The free hydrochloric acid generally reaches the maximum in 
about 30 minutes and usually continues at this level for an hour. Age and sex, however, 
have considerable influence. Thus the maximum total acidity in normal adult men 
averages about 100 degrees at 25 years of age with a progressive decline to about 67 
degrees at the age of 65 years. Women of 25 years show about 82 degrees, declining to 
about 67 degrees at 65 years of age. 


MACROSCOPIC EXAMINATIONS 


1. The amount of residuum in the fasting stomach should not exceed 100 ml. It 
normally varies from 30 to 50 ml. An increase above 50 ml. means either hypersecre- 
tion, hypomotility or obstruction. There should be no food in the eight-hour fasting 
stomach. It should be remembered that a nervous patient may swallow very large 
amounts of saliva during the passage of the tube and greatly increase the amount of 
the residuum in that manner. However, it is not difficult to differentiate mouth mucus 
from stomach juice. 

2. Bile in the fasting residuum, if found repeatedly and in large quantities, is indi- 
cative of some disease if the patient is “tube broken.” The commoner conditions to be 
thought of in this connection are hyperchlorhydria, bile tract disease, duodenal ulcer, 
duodenitis and rigid pylorus from stenosis or adhesions. ‘This should not be confused 
with the recently regurgitated bile due to retching in the taking of the tube. Such 
recently regurgitated bile is lemon yellow in color and forms a yellow foam when 
shaken. On the other hand, bile which has resided in the stomach for a considerable 
period is distinctly green and turbid. Some observers claim that bile is normally found 
in the gastric residuum. Large quantities of turbid green bile in a retentive stomach 
are often due to small bowel obstruction below the ampulla of Vater. 

3. Mucus, if of stomach origin and present in considerable quantity, is indicative 
of inflammation of the stomach. It is important, in this connection, to be able to 
differentiate stomach mucus from swallowed mucus. If it originates in the stomach it 
is flaky with particles suspended in the gastric juice. On the other hand, swallowed 
mucus is generally in large stringy masses and floats on the top of the gastric juice. 

4. Pus, present in sufficient quantities to be recognized, is very rare. Such a finding 
would point toward acute or chronic diffuse suppuration of the stomach, abscess of the 
stomach or rupture of an abscess into the stomach (subphrenic, retroperitoneal, pan- 
creatic, biliary, hepatic or splenic in origin). 

5. Odor of the gastric residuum is not usually of much importance. In cancer and 
severe gastritis, a pungent disagreeable odor may be noted. Colon bacillus infection 
of the stomach, of course, has a characteristic odor but it is very rare. The odor of 
feces is usually due to bowel obstruction or to gastrocolic fistula. A very unpleasant 
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more or less characteristic sour odor is present in fermentation of the stomach contents. 

6. Blood, if grossly recognized in the fasting residuum, is of the utmost impor- 
tance. More than 50 per cent of all cases of cancer of the stomach will show small 
quantities of blood in the stomach. As a rule it is changed by the stomach juices and 
somewhat resembles coffee grounds. The average cancer does not bleed profusely but 
it bleeds constantly, hence there is considerable changed blood in the stomach at any 
given time. Gross blood is not as common in ulcer of the stomach. Occasionally, how- 
ever, it will be present in very large quantities and is often bright red in color. Esopha- 
geal varices, sclerosed stomach vessels, erosions and severe infections also give rise to 
free blood in the stomach but more rarely. Duodenitis, duodenal ulcer, pancreatic or 
biliary tract carcinoma may cause the appearance of free blood in the stomach. Injury 
to the mouth or esophageal mucosa in swallowing the tube and blood from the lungs 
and nose should be borne in mind. 

7. Food in the fasting stomach may be indicative of atony, dilatation, or ptosis of 
the stomach or, what is more likely, pyloric stenosis, pyloric or duodenal adhesions, 
pylorospasm, mass at or near the pylorus or pressure from without. The amount of 
food present and the constancy of its presence will help to decide the relative serious- 
ness of the cause. 


TOPFER METHOD OF CHEMICAL ANALYSIS 


The method of Topfer consists in the administration of a test meal of the Ewald 
type followed by its removal 1 hour later. 

1. Measure and record the volume of the sample. Strain through gauze or cheese- 
cloth and place 10 ml. of the coarsely filtered fluid in each of 3 beakers or porcelain 
dishes labelled No. 1, No. 2 and No. 3. If sufficient contents are not obtained, use 5 
ml. and calculate accordingly. Normally 50 to 100 ml. are recovered. 

2. Prepare a phenolphthalein indicator by dissolving 1 gm. of phenolphthalein in 
100 ml. of 95 per cent ethyl alcohol. 

3. Prepare Topfer’s reagent by dissolving 1 gm. of dimethylamino-azobenzene in 
100 ml. of 95 per cent ethyl alcohol. 

4, Prepare alizarin red indicator by dissolving 1 gm. of sodium alizarin monosul- 
fonate in 100 ml. of water. 

5. Prepare a 0.1 N solution of sodium hydroxide. 

Total Acidity. This includes free hydrochloric acid, hydrochloric acid combined 
loosely with protein food (combined hydrochloric acid), organic acids (chiefly lactic 
acid), and acid salts. It is determined as follows: 

1. To the 10 ml. sample of filtered gastric contents in beaker No. 1, add 3 or 4 
drops of phenolphthalein indicator. 

2. Add 0.1 N sodium hydroxide solution from a buret, drop by drop, until a rose red 
color is produced that does not become deeper (Plate XII). 

3. The number of milliliters of 0.1 N sodium hydroxide solution used, multiplied 
by 10, gives the number of milliliters of 0.1 N hydroxide necessary to neutralize 100 
ml. of gastric fluid. This value is reported as expressing the total acidity. It can be 
converted into terms of hydrochloric acid by multiplying by 0.00365, which is the 
equivalent value of 1 ml. of 0.1 N sodium hydroxide in grams of hydrochloric acid. 

Free Hydrochloric Acid. 1. To sample No. 2 add 4 drops of Tépfer’s reagent. If 
free hydrochloric acid is present, a red color immediately develops. Titrate with 0.1 N 


PLATE XIl 


A, gastric fluid to which a 1 per cent solution of phenolphthalein has been added. B, gastric fluid 
to which a 1 per cent solution of alizarin has been added. C, gastric fluid to which a 0.5 per cent 
solution of dimethylamino-azobenzol has been added. A’, A after titration with a decinormal solution 
of sodium hydroxide. B’, B after titration with a decinormal solution of sodium hydroxide. C’, C 
after titration with a decinormal solution of sodium hydroxide (Boston). 


(From Todd and Sanford, Clinical Diagnosis by Laboratory Methods. Courtesy of W. B. 
Saunders Company ) 
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sodium hydroxide until the red color becomes a canary yellow (Plate XII). If there is 
an initial yellow color on adding the indicator, no free acid is present. 

2. The number of milliliters of sodium hydroxide solution used, multiplied by 10, 
gives the value for 100 ml. of the gastric juice. Occasionally Topfer’s reagent gives a 
red color in the absence of hydrochloric acid, due to a large increase in the organic 
acids, especially when lactic acid is over 1 per cent and albumoses are present. 

3. In case the amount of gastric juice is small, the same specimen may be used to 
determine the total acidity. After the end point is reached for free hydrochloric acid, 
add 2 drops of phenolphthalein indicator and continue the titration with 0.1 N sodium 
hydroxide until the persistent pink end point of total acidity is reached. The milliliters 
of hydroxide used in the determination of free hydrochloric acid, plus the additional 
milliliters necessary to complete the titration with phenolphthalein, is multiplied by 
10, giving the total acidity. 

Combined Hydrochloric Acid. 1. To sample No. 3 add 4 drops of sodium alizarin 
sulfonate indicator (Plate XII). 

2. Titrate with 0.1 N sodium hydroxide solution. As the hydroxide is added, the 
initial tinge of yellow changes to red. The end point is indicated by a distinct violet 
color with a slightly bluish tinge. This is difficult to determine but the color can be 
approximately duplicated by adding 2 or 3 drops of the indicator to 5 ml. of a 1 per 
cent solution of sodium carbonate in water. 

3. The number of milliliters of hydroxide used, multiplied by 10, gives the com- 
bined hydrochloric acid. 

Acid Deficit. When free hydrochloric acid is absent, a determination of the acid 
deficit is more helpful than a determination of the combined hydrochloric acid as 
follows: 1. To 10 ml. of gastric juice add 4 drops of the dimethylamino-azobenzene 
indicator. 

2. From a buret add a decinormal solution of hydrochloric acid until the specimen 
assumes a red color. 

3. The deficit is expressed by multiplying the number of milliliters of the acid 
required by 10 to express the results in terms of 100 ml. of gastric juice. 


FRACTIONAL CHEMICAL ANALYSIS 


The reagents are the same as in the Topfer method, except that 0.01 N sodium 
hydroxide is used instead of 0.1 N. 

Total Acidity. 1. Place 1 ml. of the specimen and 4 ml. of distilled water in a 
porcelain evaporating dish. 

2. Add 1 drop of phenolphthalein indicator. 

3. Titrate with 0.01 N sodium hydroxide solution until a faint rose red color is 
produced. 

4. The number of milliliters of 0.01 N sodium hydroxide required to neutralize the 
sample, multiplied by 10, gives the number of milliliters of 0.01 N hydroxide required 
to neutralize 1 ml. of gastric contents. Multiply by 100 to give the results in terms of 
100 ml. of gastric contents. 

Free Hydrochloric Acid. 1. Place 1 ml. of the specimen and 4 ml. of distilled water 
in a porcelain evaporating dish. 

2. Add 1 or 2 drops of Topfer’s reagent; if, on adding the indicator, there is an 
initial yellow color, no free acid is present. 
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3. Titrate with 0.01 N sodium hydroxide solution until the initial red color becomes 
a canary yellow. 

4. The number of milliliters of 0.01 N sodium hydroxide required, multiplied by 
10, gives the number of milliliters of 0.1 N hydroxide required to neutralize the free 
hydrochloric acid in 1 ml. of gastric contents. Multiply by 100 to give the results in 
terms of 100 ml. of gastric contents. 


SAHLI METHOD FOR FREE HYDROCHLORIC ACID 


This method requires more time but gives more accurate results because of a sharper 
end point. It is based on the liberation of iodine from the reagent employed in the 
presence of free hydrochloric acid. The iodine is titrated with sodium thiosulfate, using 
a starch indicator. 

1. Prepare Sahli’s reagent, which is a mixture of equal parts of a 48 per cent 
aqueous solution of potassium iodide and an 8 per cent aqueous solution of potassium 
iodate. 

2. Prepare an 0.01 N solution of sodium thiosulfate. 

3. Prepare a 1 per cent aqueous solution of starch. 

4. Place 1 ml. of the strained sample and 10 ml. of distilled water in a porcelain 
evaporating dish. 

5. Add 1 ml. of Sahli’s reagent, mix and allow to stand for 5 minutes. 

6. Titrate with 0.01 N solution of sodium thiosulfate until only a faint yellow color 
of the liberated iodine remains. 

7. Add 0.5 ml. of the soluble starch solution. The mixture turns blue. Continue the 
titration until the blue disappears. 

8. The total number of milliliters of 0.01 N sodium thiosulfate used in the titration 
of 1 ml. of gastric juice is equivalent to the number of milliliters of 0.01 N sodium 
hydroxide necessary to neutralize the free hydrochloric acid in 1 ml. of gastric contents. 
This value, multiplied by 10, represents the number cf milliliters of 0.1 N sodium 
hydroxide necessary to neutralize 100 ml. of stomach contents. 


QUALITATIVESTESIS. FOR LACTICZACID 


Lactic acid is a product of carbohydrate fermentation by bacteria and yeasts. Nor- 
mally it is not present at the height of digestion. Small amounts may be introduced 
with the test meal unless arrowroot cookies are used. It is most often present in stag- 
nation of the gastric contents associated with deficient hydrochloric acid. 

Uffelmann’s Test. 1. Prepare the reagent by adding 10 per cent ferric chloride 
solution to a 1 per cent aqueous phenol solution until an amethyst color develops. 

2. To 5 ml. of reagent, add 5 ml. of strained gastric juice. To another 5 ml. portion, 
add a few drops of dilute hydrochloric acid as a control. 

3. Lactic acid produces a canary yellow color. The reagent will detect 0.01 per cent 
of lactic acid. Hydrochloric acid discharges the amethyst color, leaving the solution 
colorless. If the gastric juice contains much free hydrochloric acid, the value of the 
test is decreased. Other organic acids give results similar to lactic acid. 

Modified Uffelmann’s Test. 1. Place 5 ml. of phenol solution (1.6 gm. phenol 
crystals dissolved in 100 ml. of distilled water) in a test tube. 

2. Add a few drops of a 10 per cent solution of ferric chloride in distilled water 
until a solution with an amethyst blue color is produced, 
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3. In a second tube place 2.5 ml. of this solution and add a few drops of a | per 
cent solution of lactic acid in water, drop by drop, until the solution becomes canary 
yellow (control). 

4. To the first tube add filtered gastric juice drop by drop. If the color changes to 
match exactly the color of the control tube (No. 2), lactic acid is present. 

MacLean’s Test. 1. Prepare the reagent by dissolving 5 gm. of ferric chloride in a 
mixture of 100 ml. of saturated aqueous solution of mercuric chloride and 1.5 ml. of 
concentrated hydrochloric acid. 

2. Place 5 ml. of water in a test tube as a control. In another tube place 5 ml. of 
gastric contents. To each add 5 drops of reagent. 

3. A reddish color indicates the presence of lactic acid. 

Strauss’ Test. 1. This test is not sufficiently sensitive to traces of lactic acid which 
may be introduced by some test meals. 

2. Place 5 ml. of filtered gastric juice in a small separatory funnel 
(Fig. 105). Add 20 ml. of ether and shake thoroughly for 10 to 15 
minutes. Let stand until the ether separates, and then, by opening 
the stopcock, allow the gastric juice to run out. To the ether extract 
in the funnel, add 20 ml. of water and 2 drops of a 10 per cent 
aqueous solution of ferric chloride and gently mix. 

3. If 0.1 per cent or more lactic acid is present, the water will 
assume a strong greenish-yellow color. A slight tinge of color will 
develop when lactic acid is present in a concentration of 0.05 per 
cent. 

Simon’s Modification of Kelling’s Test. This is a fairly satis- 
factory color test depending upon the formation of ferric lactate. 

1. Fill a test tube with water. 

2. Add sufficient 10 per cent solution of ferric chloride to give a 
Fig. 105. Separa- faint canary yellow. Mix well. 

tory funnel. 3. Pour one-hali into a second tube for a control. 
4. To the other tube add 1 or 2 ml. of filtered gastric juice. 

5. If lactic acid is present a deep yellow color develops which is readily recognized 
by comparison with the control. The color is best seen when the tubes are viewed from 
above, over a sheet of paper. 


TESTS FOR -@GCUET BEOOD 


Benzidine Test. Provided the reagents are satisfactory, this test is very sensitive. 
It is always advisable to set up a positive control using water with an extremely minute 
amount of blood added, such as would adhere to the tip of an applicator. The test is 
based upon the principle that the peroxidase activity of the blood decomposes hydrogen 
peroxide with the oxidation of benzidine by liberated oxygen. 

1. Prepare a saturated solution of benzidine in glacial acetic acid. Keep in a brown 
bottle in a dark place. Or, prepare the reagent just before use by dissolving the crystals 
picked up on the point of a knife blade in 5 ml. of glacial acetic acid with the aid of 
gentle heating. 

2. To 3 ml. of the reagent in a test tube add 3 ml. of hydrogen peroxide (3 per 
cent). Add 6 ml. of filtered gastric juice and mix. 

3. If blood is present a green to deep blue color, depending on the amount:of blood, 
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will develop. Too much benzidine solution or too much peroxide interferes with the 
sensitivity and accuracy of the test. 

4. A confirmatory test may be conducted as follows: (a) To 10 ml. of fat-free 
juice, add 3 or 4 ml. of glacial acetic acid and 5 ml. of ether. Shake thoroughly, allow 
to stand for a short time and remove the ether which forms a layer above the gastric 
juice. (b) In a test tube mix equal parts of the benzidine solution and hydrogen 
peroxide. (c) Mix equal parts of the gastric juice and mixed reagents in a test tube. 
(d) The development of a blue color indicates a positive reaction. 

Orthotolidine Test. This test is based upon the principle that the peroxidase 
activity of the blood decomposes hydrogen peroxide with the oxidation of orthotolidine 
by liberated oxygen. 

1. Prepare the reagent by dissolving 4 gm. of orthotolidine in 100 ml. of acetic acid. 
Mix thoroughly. Keep in a brown bottle and prepare at monthly intervals. 

2. In a test tube mix 1 ml. of reagent, 1 ml. of gastric juice and 1 ml. of 3 per cent 
U.S.P. hydrogen peroxide. 

3. A positive reaction is indicated by the development of a bluish or bluish-green 
color in 30 to 60 seconds. 

Phenolphthalin Test. The method of Gettler and Kaye (Am. J. Clin. Path., Tech- 
nical Suppl., 1943, 13:77) is conducted as follows: 1. In a 500 mi. Erlenmeyer flask 
place 200 ml. of distilled water, 20 gm. of sodium hydroxide and 1 gm. of phenol- 
phthalein. When completely dissolved add 20 gm. of granulated zinc (20 to 30 mesh). 
Using a reflex condenser, slowly boil until the red color disappears leaving a colorless 
or faintly yellow solution (may require 2 or 3 hours of boiling). This reduces phenol- 
phthalein to phenolphthalin. Cool, place the solution in a brown bottle with a rubber 
stopper and keep in a cool dark place. 

2. Place 2 ml. of gastric juice in a test tube and boil for 30 seconds. 

3. Cool, add 5 drops of the reagent and 3 drops of 3 per cent hydrogen peroxide. 

4. A pink to red color indicates a positive reaction. 


TESTFOR. BILE 


Principle. The following method is based upon the oxidation of the bilirubin with 
nitric acid to form biliverdin (green). 

Procedure. 1. Place about 1 inch of powdered ammonium sulfate in a test tube 
and add 10 ml. of gastric juice. 

2. Shake vigorously for a minute. 

3. Add 3 ml. of acetone and thoroughly mix by inverting the tube six times (do 
not shake). 

4. Allow the acetone to separate. 

5. Allow a drop of nitric acid to flow down the side of the tube. 

6. A green color is a positive reaction. If too much acid is used the biliverdin will 
be oxidized to a purple or red. 

7. If the gastric juice is of a deep green color, dilute 4 or 5 drops with 10 ml. of 


water and proceed as above. 


TESTS; FOR PEPSIN 


Principles. Pepsinogen is normally secreted by the stomach. It has no digestive 
power until transformed into pepsin by free hydrochloric acid (to a lesser extent by 
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organic acids and the protein salt of hydrochloric acid). Its presence is detected by 
the digestion of egg albumin. 

Hammerschlag’s Method. 1. To the white of an egg, add 12 times its volume of 
0.4 per cent solution of hydrochloric acid (4 mi. of dilute hydrochloric acid, U.S.P., 
added to 96 ml. of water). This solution contains 1 per cent egg albumin. 

2. Mix well and filter. 

3. Place 10 ml. of the filtrate in each of 3 numbered test tubes or beakers. 

4. Place 5 ml. of gastric juice in No. 1, 5 ml. of water and 0.5 gm. of pepsin in 
No. 2, and 5 ml. of water in No. 3. 

5. Place these in an incubator for 1 hour. 

6. Calculate the amount of albumin in each by the method of Esbach employed 
for the quantitative estimation of albumin in the urine. 

7. The amount of albumin in No. 3 is the amount of albumin in the egg albumin 
filtrate. The difference between the amount of albumin in Nos. 3 and 2 represents the 
amount of albumin that would be digested by normal gastric juice. The difference 
between the amounts of albumin in Nos. 3 and 1 represents the amount of albumin 
digested by the gastric juice. The products of peptic activity inhibit digestion. Further- 
more, as shown by Shiitz, the amounts of pepsin in 2 specimens of gastric juice are 
proportionate to the squares of the products of digestion. Thus, if the amounts of 
albumin digested in tubes 1 and 2 are to each other as 2:6, the amounts of pepsin in 
the respective tubes are to each other as 4:36. 

Quantitative Method of Mett Modified by Nirenstein and Schiff. 1. Introduce 
into a small Erlenmeyer flask 1 ml. of gastric juice and 15 ml. of N/20 hydrochloric 
acid (0.18 per cent hydrochloric acid). 

2. Add two Mett tubes prepared as indicated later, stopper the flask to prevent 
evaporation, and place in an incubator at 37° C. for 24 hours. 

3. By means of a low-power microscope and a millimeter scale (graduated to half 
millimeters) determine accurately the length of the column of albumin digested at each 
end of the tubes. It is well to run the determination in duplicate, in which case the 
result is the average of the eight figures obtained. 

4. Ordinarily from 2 to 4 millimeters of albumin are digested by normal human 
gastric juice. 

5. The peptic power is expressed as the square of the number of millimeters of 
albumin digested. This is based on the Schiitz-Borissow law that the amount of proteo- 
lytic enzyme present in a digestion mixture is proportional to the square of the number 
of millimeters of albumin digested. Therefore a gastric juice which digests 2 millimeters 
of albumin contains four times as much pepsin as one which digests only 1 millimeter of 
albumin. For example, if the microscopic reading gives on an average 2.2 millimeters 
of albumin digested, the pepsin value for the diluted juice would be 2.2 & 2.2 = 4.84 
and for the pure undiluted juice, 4.84 & 16 = 77.44. 

PREPARATION OF Metr Tuprs (CHRISTIANSEN’s Metuop). The liquid portions 
of the whites of several eggs are mixed and strained through cheesecloth. The mixture 
should be homogeneous and free from air bubbles. It is best to allow the egg white to 
stand for 2 or 3 hours in a vacuum desiccator to remove air more completely. A number 
of thin-walled glass tubes of 1 to 2 millimeters internal diameter are thoroughly cleaned 
and dried and cut into lengths of about 10 inches. These are sucked full of the egg 
white and kept in a horizontal position. Into a large evaporating dish or basin 5 to 10 
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liters of water are introduced and heated to boiling. The vessel is then removed from 
the fire and stirred with a thermometer until the temperature sinks to exactly 85° C. 
The tubes filled with egg white are immediately introduced and left in the water until 
it has cooled. The tubes thus prepared are soft boiled, more easily digested than hard- 
boiled tubes, and free from air bubbles. The ends are sealed by dipping in melted 
paraffin or sealing wax (preferably the latter), and the tubes can be kept thus for a long 
time. When ready for use, mark with a file and break into pieces about 3 or 4 inches 
long. After cutting, the tubes should be immediately introduced into the digestion 
mixture or may be kept a short time under water. Tubes whose ends are not squarely 
broken off must be rejected. 

The digestibility of different egg whites varies widely. Hence, in making up a new 
set of tubes, they should be standardized against those first prepared. This may be 
done by running simultaneous tests with tubes from the two series, using the same 
gastric juice and comparing the lengths of the column digested in each case. Christian- 
sen’s method of preparing tubes of the same digestibility is to be preferred. He proceeds 
as in the original preparation of the tubes except that as the water cools from 90° to 
80° C. a single tube containing the new egg white is dropped in at each degree change 
of temperature, that is, at 90°, 89°, etc. Pieces of each of these tubes, as well as of the 
original standard tubes, are then allowed to digest simultaneously in portions of the 
same gastric juice. One of these tubes should show a digestibility equal to that of 
the standard tubes. For example, the tube coagulated at 88° C. may show the proper 
digestibility. Then the new series of tubes should be made in the same manner as this 
one; that is, introduced at 88° C. The tubes thus prepared should be again checked 
with the standard to see that no mistake has been made. 


TEST FOR) TRYPTIC “ACTIVITY, 


Principles. Trypsin is not secreted by the stomach but occurs in the pancreatic 
juice. It may be found, however, in the stomach contents because of regurgitation of 
duodenal contents through the pylorus. Since it is destroyed by the pepsin-hydrochloric 
acid of the stomach, the determination must be made immediately after securing gastric 
juice, especially in cases of high acidity. 

Procedure (Spencer). 1. Prepare five reagent tubes; more if desired. 

2. To tubes 1 and 2 add 0.5 ml. of gastric contents (filter if cloudy). 

3. To tubes 2, 3, 4 and 5 add 0.5 ml. of distilled water. 

4. From tube 2 remove 0.5 ml. of its mixed contents and add to tube 3. Mix 
thoroughly and add 0.5 ml. from tube 3 to tube 4. Repeat for tube S. 

5. This gives dilutions of gastric contents of 1, 1:2, 1:4, 1:8, and 1:16. 

6. To each tube add 1 drop of phenolphthalein solution (phenolphthalein, 1 gram; 
95 per cent alcohol, 100 ml.); then add drop by drop a 2 per cent sodium carbonate 
solution until a light pink color is produced. : 

7. To tubes 1, 2, 3 and 4 add 0.5 ml. of casein solution. Tube 5 must receive 1 ml. 
of casein slitiost since it contains 1 ml. of the diluted gastric contents. For the casein 
solution, dissolve 0.4 gram of casein in 40 ml. of N/10 sodium hydroxide. Add 130 ml. 
of distilled water, then 30 ml. of N/10 hydrochloric acid. This leaves the solution 
alkaline to the extent of 10 ml. of N/10 sodium hydroxide, minus about 3 ml. neutral- 


ized by the casein. 
8. Incubate for 5 hours at 40° C. 
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9. Precipitate the undigested casein by adding drops of a solution of the following 
composition: glacial acetic acid, 1 ml.; 95 per cent alcohol, 50 ml.; distilled water, 50 
ml. The tubes in which digestion has been complete remain clear; others become turbid. 

10. The tryptic values are expressed in terms of dilution. Thus, complete digestion 
in tube 3 (a dilution of 1:4) shows four times the tryptic power of undiluted gastric 
juice which is taken as a standard as 1; therefore, its tryptic value is 4. 

11. Controls of boiled gastric contents plus casein solution, and of distilled water 
plus casein solution, treated as just described, must show no digestion and become 
turbid on addition of the precipitating solution. 


TESTS FOR RENNIN 


Principle. Rennin is an enzyme capable of coagulating the protein of milk. Fresh 
milk is used, therefore, as the reagent. 

Lee’s Test. 1. Place 5 ml. of fresh milk in a test tube. 

2 Add 5 drops of gastric juice. 

3. Place in an incubator or a water bath at 40° C. for 15 to 20 minutes. 

4. If rennin is present, coagulation will occur. In this test it is sometimes difficult 
to tell whether the rennin or the acid in the gastric juice caused the coagulation; 
however, rennin is practically always present where there is hydrochloric acid in the 
stomach and the test is only of value in those cases in which there is no hydrochloric 
acid, to determine the presence or absence of a true achylia. 

Riegel’s Test. 1. Place 5 ml. of fresh milk in a test tube. 

2. Add 5 ml. of gastric juice neutralized with N/100 sodium hydroxide (phenol- 
phthalein as indicator). 

3. Place in a water bath at 40° C. 

4. If rennin is present in normal amount, coagulation will occur in ten to fifteen 
minutes. 

5 Delayed coagulation indicates a less amount. 


MICROSCOPIC EXAMINATION 


As a general rule, microscopic examinations of the residuum and recovered test 
meals do not afford much information of clinical value. Occasionally, however, the 
findings are unexpected as, for example, the presence of ova of parasites or the latter 
themselves. Microscopic examinations are best carried out on the unfiltered residuum 
ot the fasting stomach, or the unfiltered specimens obtained after a test meal. 

Procedure. 1. Place a small drop of gastric residuum on a slide and cover with a 
coverglass. 

2. Examine with low and high objectives with the light reduced. 

3. Mix a drop of fluid with a drop of Sudan III on a slide and cover with cover- 
glass. Neutral fat globules will be yellow or red. 

4. Mix a drop of fluid with a drop of Lugol’s solution on a slide and cover with 
coverglass. Starch granules will be blue or blue-black. 

5. Make a thin film on a slide, fix with heat and stain with dilute carbolfuchsin; 
dry Examine with oil-immersion objective for Boas-Oppler bacilli (a variety of L. 
acidophilus), staphylococci, yeast, sarcina and other microorganisms. Note the organ- 
isms present and whether in small or large numbers, singly, in groups or colonies 
(masses). 
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6. With the above preparations examine for the following: (a) Red blocd corpuscles 
found in small numbers cannot be considered of any pathologic significance. Trauma 
from passing the tube and aspirating the stomach contents will frequently give rise to 
their appearance. The consistent finding of large numbers in the absence of considerable 
trauma may be indicative of ulcer, cancer or erosion. 

(6) Leukocytes are frequently found in the gastric residuum. They are usually 
partially digested by the gastric juice. They may be indicative of disease from the 
nose or throat. If so, they are usually associated with other products of inflammation 
from that region which can easily be identified, e.g. mucus and exfoliating epithelium. 
If these cells are deeply bile-stained and associated with a bilious residuum and other 
inflammatory elements also bile-stained (e.g. columnar epithelium, mucus, and bac- 
teria) it is very suggestive of biliary tract disease. The presence of large quantities of 
pus cells with gastric exfoliative products, mucus and bacteria, would suggest gastritis 
of the infective type (Fig. 106). 


Fig. 106. Pus cells in stomach contents. Fig. 107. Columnar epithelium in stomach 
contents. 


(From Lyon, An Atlas on Biliary Drainage Microscopy. Courtesy of Lea and Febiger Company.) 


(c) Mucus in small amount is practically always found in the gastric residuum. 
A differentiation between mouth and stomach mucus may often be made by the macro- 
scopic examination. Gastric mucus is usually present as small flocculi which, under the 
microscope, look like spherical snail-like bodies. It has a fibrillary appearance and has 
cellular bodies in its substance. If present in large quantities it is indicative of gastritis. 
Mucus is dissolved by alkalis but not by acetic acid. Mucus from the biliary tract 
should be easy of identification. It occurs in wavy semi-spirals and is rather dense in 
appearance and stained a deep yellow or greenish-yellow if it has resided in the stomach 
very long. The frequent finding of bile-stained mucus in the fasting stomach is sugges- 
tive of biliary tract disease. Mucus from the nose is easily recognized by its peculiar 
tenacity and its staining with pigment or its grayish appearance. Myelin threads, rolled 


into small snail-like bodies, may be observed. 
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(d) Epithelium is practically always present in the residuum (Fig. 107). The 
usual cell found is the squamous type. They are of no special significance and are 
derived from the mouth, pharynx and esophagus. Cellular elements from the stomach 
mucosa are of the columnar variety (Fig. 107). They are rarely seen in the normal 
residuum. Cells are quickly digested in the stomach and unless they are present in 
considerable numbers they will not be found. In gastritis cellular elements from the 
gastric tubules are often found. The acid or parietal cells are probably the more easily 
recognized of the tubule cells. They are about midway in size between a leukocyte 
and a squamous cell. With eosin and hematoxylin stain the acid cells are stained red 
and the central or peptic cells blue. The peptic cells take the stain very poorly and are 
very difficult to recognize, there being nothing but the nuclei remaining. They are much 
smaller than the acid cells, being a little larger than a leukocyte. They have a long oval 
nucleus often with just a shred of protoplasm attached. The acid cells, on the other 
hand, have a very distinct nucleus and the entire 
protoplasm stains with a fine stippling of the granules. 
In chronic gastritis exfoliating elements from the 
gastric mucosa may be found, even without a severe 
grade of atrophy being present. The association of 
these cellular elements from the gastric mucosa with 
colonies or groups of pathogenic organisms is indica- 
tive of an infective type of gastritis. The frequent 
presence of deeply bile-stained columnar epithelium 
in the fasting stomach associated with bile is sug- 
gestive of gall tract disease. 

(e) Bacteria in the gastric residuum are rarely 

Fig. 108. Oppler-Boas bacilli. of importance. In the ordinary tube examination a 
FN ee RET on ate few bacteria will usually be found. However) ‘they 
ods. Courtesy of W. B. Saunders Will be associated with oral or nasal epithelium or 
Company.) — mucus. In other words, they have been swallowed 

during the passage of the tube. The presence of bac- 
teria, particularly of the pyogenic variety, occurring in colonies or masses and inti- 
mately associated with exfoliating epithelium from the stomach, usually means an 
infective type of gastritis. The presence of masses of deeply bile-stained organisms, on 
the other hand, may indicate biliary tract disease. 

The finding of the Boas-Oppler bacillus in the stomach is significant of gastric 
stagnation. In a great majority of the early cases of cancer the Boas-Oppler bacilli will 
not be found. It is not until the hydrochloric acid starts to be reduced and obstruction 
has occurred that one can expect to find this organism (Fig. 108). Yeasts and Lepto- 
trichia buccalis may be observed. 

(f) Tissue fragments are occasionally found in the gastric residuum. Rarely in 
cases of cancer, small fragments of mucosa may be found showing carcinomatous infil- 
tration and probably more often areas of necrotic tissue containing leukocytes and 
bacteria. In achylia gastrica and in atrophic gastritis fragments may be recovered 
showing a great diminution in the number of gastric tubules or a complete absence of 
tubules. A small round cell infiltration of the fragment may be noted in cases of 
gastritis. Small fragments of gastric mucosa may be found in peptic ulcer. This rarely 
happens, however, as the hyperacid juice, commonly found in this condition, soon 
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digests any protein matter present. The finding of fragments of mucous membrane 
showing a hyperplasia of the glandular elements, particularly of the base of the gland 
Suggests a diagnosis of hypertrophic glandular gastritis. Einhorn describes the recovery 
of hemorrhagic flakes of gastric mucosa in the fasting residuum which he ascribes to 
“gastric erosions.” 

(g) Starch granules are usually present and easily recognized by their concentric 
striations (Fig. 109). When undigested, they stain blue with Lugol’s solution; when 


Fig. 109. Starch granules in stomach contents. Fig. 110. Striated muscle in stomach centents. 


(From Lyon, An Atlas on Biliary Drainage Microscopy. Courtesy of Lea and Febiger Company.) 


partially digested, a reddish color is observed due to erythrodextrin. Fat may be pres- 
ent, as likewise other particles of partially digested food such as muscle fibers and 
vegetable cells. Various crystals may be found, especially of fats, but they possess no 
particular significance. Animal parasites or ova may be observed. 

(h) Striated muscle fibers (Fig. 110) and connective tissue are easily recognized. 
Fat globules, unstained by the iodine solution, may be stained by running a drop of 
Sudan III under the coverglass; neutral fat globules stain red or yellow. 


10 


METHODS FOR EXAMINATION OF DUODENAL 
CONTENTS AND BILE 


EXAMINATIONS OF DUODENAL CONTENTS 


Collection. 1. The Lyon tube is recommended. It is 130 cm. in length, with a pear- 
shaped metallic tip having an elongated grooved shank securing it to the tube without 
tying by thread, thereby minimizing trauma. This tube has two marks equidistant from 
the ends, and 20 cm. apart. The single mark at 55 cm. from the tip represents the 
average distance from the lips to the greater curvature of the stomach, and the double 
mark at 75 cm. to a position approximately at the level of the ampulla of Vater. To 
the outer end is attached a glass observation cannula or window, which, in turn, con- 
nects a larger size tubing, 30 to 50 cm. in length. Because the marks on this tube are 
equidistant from the ends, the tube may be reversed when wear and tear begin to 
appear on the swallowed portion. These tubes are also equipped with an adjustable 
rubber collar at the duodenal mark, which serves to record the variations in length 
effective for individual patients, and to enable the patient to feel its contact on the 
lips without difficulty. 

2. The patient should abstain from food for about 12 hours and should take only 
occasional sips of water. However, if the examination is chiefly for pancreatic enzymes, 
a cup of bouillon may be given half an hour before the collection. Brushing of the teeth 
should be omitted, to prevent the swallowing of blood from bleeding gums, and dentures 
should be removed. 

3. The tube is passed into the stomach in the manner described on page 208. The 
fasting gastric residuum is now extracted by gravity. Otherwise gentle suction with a 
syringe may be employed. The stomach is now washed with about 100 ml. of sterile 
water introduced through the tube and removed by syphonage. 

4. The patient is now placed on the right side with the hips elevated 6 to 8 inches 
and instructed to slowly swallow the tube. One minute for each centimeter on the Lyon 
tube will usually engage the tip synchronously with the frequent peristaltic waves of 
the stomach and carry the tube through the pyloric canal, taking about 20 minutes for 
the duodenal mark on the tube to reach the lips. Fluoroscopy is rarely necessary for 
locating the tube in the duodenum. If there is any doubt, stethoscoping the abdomen 
for maximum air explosions over the stomach and duodenum, with air introduced under 
syringe pressure through the tube, will prove highly reliable. An experienced technician, 
however, can easily and quickly locate the position of the tip when using an Asepto 
bulb syringe, and, with an “educated thumb” constantly controlling the pressure on 
the bulb, by injecting a little water will find that if the tip is in the stomach, all fluid 


will return quickly; if in the pyloric canal, the water will go in very slowly and there 
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will be no return of the fluid, but only a decided tug on the bulb; if in the duodenum, 
the water will enter slowly and only a portion, generally bile-stained, will return. If the 
tube is not in the duodenum, it is then withdrawn well up in the stomach and slowly 
reswallowed. A tube buckled in the stomach or at the pyloric orifice may be partially 
withdrawn without any initial resistance, but if the tip is in the pylorus or duodenum 
a slight initial resistance is felt. 

5. Occasionally, after the tube is in the duodenum, the fluid may become somewhat 
cloudy and opalescent. Such fluid should be discarded. When it becomes clear and drips 
as a clear fluid from the end of the tube, the fluid should be collected once more for 
examination. 

6. Before withdrawing the tube from the duodenum to the stomach and from the 
stomach to the esophagus, a little air should be blown through the tube to balloon the 
walls away from the metal tip to avoid scratching the mucous membrane. As the tube 
reaches the glottis, a swallowing movement will facilitate its withdrawal. The duodenum 
and stomach may be lavaged during removal as desired. A stomach wash with water 
during withdrawal to remove any regurgitant bile, and a mouth wash, a cup of broth, 
and some crackers after withdrawal, add to the comfort of the patient. Tubes should 
be flushed out and sterilized by boiling after use. 

Macroscopic Examinations. 1. Usually about 20 ml. of duodenal contents are 
obtained normally composed of pancreatic and duodenal secretions. The material is 
usually clear, colorless or light yellow, distinctly viscid, and slightly alkaline to litmus. 

2. A cloudy turbid fluid may be due to the admixture of acid stomach contents 
with a resulting precipitation of the bile salts (this turbidity disappears on neutraliza- 
tion with sodium hydroxide) or to the presence of bacteria and pus or duodenal cells. 
A turbid, alkaline fluid is indicative of a duodenitis or inflammation of the gall tract. 

3. Normally only small amounts of mucus are present as occasional floccules. An 
excess may be due to duodenitis, in which case the flocculi, composed of mucus and 
epithelial cells, are not stained or only slightly stained by bile. If due to inflammation 
of the gall tract, the flocculi are usually bile-stained and contain columnar epithelial 
cells and leukocytes. In some cases of cholecystitis where there are many small calculi, 
the duodenal contents may show the presence of orange-yellow, coarse, putty-like 
detritus. Pure blood is rarely observed. Blood stained flocculi are often due to acute 
duodenitis or peptic ulcers. 

Chemical Examinations. Trypsin. The method of McClure, Wetmore and Rey- 
nolds (Arch. Int. Med., 1921, 27:706) is based upon the digestion of casein, precipita- 
tion of the protein, and a determination of the nonprotein nitrogen according to the 
method of Folin and Wu (Chapter 38). The technic is as follows: 1. Prepare a phos- 
phate buffer mixture by adding 2 ml. of a solution of potassium acid phosphate, which 
contains 27.234 gm. per liter, to 98 ml. of a solution of disodium phosphate, which 
contains 35.628 gm. per liter. This solution has a pH of 8.4. 

2. Prepare a casein solution by dissolving 0.5 gm. of soluble casein in 50 ml. of the 
phosphate mixture in a flask. Heating to 57° C. facilitates solution, and care must be 
exercised against the formation of a doughy, relatively insoluble mass. When the casein 
is dissolved, neutralize the solution by adding 2 ml. of decinormal solution of sodium 
hydroxide. 

3. Prepare a solution of metaphosphoric acid as a protein precipitant by fusing the 
acid, as obtained on the market, in a graphite mortar until the white fumes of phos- 
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phorus pentoxide appear. Cool in a clean pan floating on cold water and keep in a 
tightly stoppered bottle. Prepare a fresh 25 per cent solution by triturating 2.5 gm. in 
10 ml. of water in a mortar. 

4. Prepare the Folin and Wu digestion mixture by adding 30 ml. of 85 per cent 
solution of phosphoric acid to 5 ml. of a 5 per cent solution of copper sulfate and mix. 
Add 10 ml. of sulfuric acid and mix. For use, dilute 10 ml. with 10 ml. of water. 

5. Centrifuge the duodenal contents until clear and decant the supernatant fluid 
into a clean test tube. Place 1 ml. in a 50 ml. volumetric flask and add phosphate mix- 
ture up to the mark. 

6. Place 9 ml. of casein solution in a test tube and heat in a water bath at 40° 
C. for 5 minutes. 

7. Add 1 ml. of the diluted duodenal contents, mix and heat in a water bath at 
40° C. for 30 minutes. 

8. Add 2 ml. of freshly prepared solution of metaphosphoric acid, mix thoroughly 
and filter. The filtrate should be clear and colorless. 

9. Place 1 ml. of filtrate and 1 ml. of digestion mixture in a Pyrex test tube with a 
quartz pebble and boil vigorously until the characteristic dense fumes nearly fill the 
tube (3 to 7 minutes). Sharply reduce the boiling, cover with a watch glass, and con- 
tinue heating for 2 minutes or until the solution is nearly cclorless. Allow to cool for 
70 to 90 seconds. 

10. After cooling, make up to 35 ml. with water, add 15 ml. of Nessler’s solution 
and centrifuge. Remove the supernatant fluid for a colorimetric determination of non- 
protein nitrogen. 

11. Prepare a standard by placing 2 ml. of the digestion mixture in a 100 ml. 
volumetric flask, add 3 ml. of standard ammonium sulfate solution, 60 ml. of water, 
30 ml. of Nessler’s solution and water to 100 ml. 

12. Place the standard solution in a colorimeter cup, set at 20, and read the un- 
known against the standard. 

13. The calculation is as follows: 


180 
Reading of unknown 


= gm. of nonprotein liberated per 100 ml. of duodenal contents. 


14. The normal range of nonprotein nitrogen varies from 7.5 to 15 gm. per 100 ml. 
cf duodenal contents. 

The Method of Agren and Lagerléf. This method (Acta med. Scandinay., 1936, 
90:1) is as follows: 1. Prepare a buffer solution by mixing equal parts of normal solu- 
tions of ammonium chloride and ammonium hydroxide. 

2. Prepare a solution of casein by dissolving 1 gm. in 15 ml. of decinormal solution 
of sodium hydroxide and diluting to 25 ml. with distilled water. 

3. Prepare an indicator by dissolving 0.5 gm. thymolphthalein in 25 ml. of 90 per 
cent alcohol. 

4. Prepare a solution of potassium hydroxide by diluting 1 ml. of a normal solution 
with 9 ml. of absolute alcohol. 

5. Place 2 ml. of duodenal contents in an ordinary test tube; add 2 ml. of distilled 
water and 2 ml. of the buffer solution. 

6. Add 6 ml. of the casein solution, thoroughly mix and simultaneously start a stop 
watch. This is the test mixture. Immediately transfer 6 ml. to an Erlenmeyer flask 
containing 38 ml. of 95 per cent alcohol and 3 ml. of distilled water (control mixture). 
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7. Heat both mixtures for exactly 20 minutes in a water bath at 30° C. 

8. Discontinue the digestion of the test mixture by transferring to another flask 
containing 38 ml. of 95 per cent alcohol. 

9. Add 1 ml. of the indicator to both flasks. 

10. Titrate each with decinormal alcoholic solution of potassium hydroxide to the 
first shade of blue, at which point add 70 ml. of 95 per cent boiling alcohol. The color 
then disappears. Continue the titrations to the first blue color in both flasks. 

11. The difference between the titration values gives the trypsin per milliliter of 
duodenal juice expressed in terms of milliliters of the decinormal solution of potassium 
hydroxide. One unit of trypsin is equivalent to 2 ml. of decinormal solution of potas- 
sium hydroxide. 

12. The normal range is from 0.6 to 3.2 units. Less than 0.6 unit may be con- 
sidered significant evidence of the lack of trypsin secretion by the pancreas. 

AmyLaseE. The method of Agren and Lagerlof is as follows: 1. Prepare a 1.5 per 
cent starch reagent by stirring 1.5 gm. of Kahlbaum starch in a little cold distilled 
water. Add 40 ml. of boiling distilled water to dissolve the starch. Add 40 ml. of phos- 
phate buffer of pH 6.8 (equal parts of Sdérensen buffer solutions). Transfer to a 100 
ml. volumetric flask and make up to 100 ml. with distilled water. 

2. Prepare a solution of alkaline ferricyanide by dissolving 1.7 gm. of potassium 
ferricyanide and 2.1 gm. of sodium carbonate, water free, in 100 ml. of distilled water. 

3. Prepare an iodide solution by dissolving 2.5 gm. of potassium iodide, 25 gm. of 
sodium chloride and 5 gm. of zinc sulfate in 100 ml. of distilled water. 

4. Dilute 1 ml. of duodenal contents with 100 ml. of 1.5 per cent solution of sodium 
chloride in water. Further dilutions of 1:400 or 1:800 or even more may be necessary. 

5. Place 2 ml. of diluted duodenal contents in a test tube and heat for 8 minutes 
in a water bath at 37° C. 

6. Place 2 ml. of the starch solution in a test tube and heat in a water bath at 37° 
C. for 8 minutes. Add to the diluted and heated duodenal contents, thus making the 
sodium chloride concentration 0.75 per cent; continue the digestion for 15 minutes. 
Transfer 2 ml. to a test tube and add 1 ml. of decinormal solution of sodium hydroxide 
which stops the digestion (test mixture). 

7. Set up a control tube containing 1 ml. of decinormal solution of sodium hydrox- 
ide, 1 ml. of diluted duodenal contents and 1 ml. of warm starch solution. 

8. To both tubes add 2 ml. of alkaline ferricyanide solution and 12 ml. of distilled 
water. Heat in a boiling water bath for 20 minutes. 

9. Cool the tubes in a water bath at room temperature and to each add 2 ml. of 
a 50 per cent solution of acetic acid and 10 ml. of the iodide solution. 

10. Titrate the liberated iodine in both tubes with twentieth normal solution of 
sodium thiosulfate until the color disappears. 

11. The difference in milliliters between the titrations equals the number of milli- 
liters of ferricyanide solution reduced by the maltose that has been formed by the 
action of amylase on the starch. One mg. of maltose is reduced by 0.465 ml. of solution 
of alkaline ferricyanide; therefore, difference in titration times 0.465 equals milligrams 
of maltose found per milliliter of diluted duodenal contents. Multiply by the dilution 
factor to obtain the amount of maltose formed by 1 ml. of undiluted duodenal contents. 
In 10 minutes the duodenal contents will normally contain enough amylase to form 
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from 0.34 to 1.72 gm. of maltose per ml. according to the investigations of Comfort 
and Osterberg (Arch. Int. Med., 1940, 66:688). 

Lipase. It is seldom necessary to test for lipase if trypsin and amylase are present. 
Otherwise the following test may be employed, based upon the principle that lipase will 
digest the fat of milk, liberating fatty acids which impart an acid reaction to litmus. 

1. Test the duodenal contents with litmus paper. If acid or neutral, slightly alkalin- 
ize with a few drops of 1 per cent aqueous solution of sodium carbonate. 

2. To fresh whole milk (well shaken) add sufficient litmus solution to give a blue 
color and place 2 ml. in each of 2 test, tubes. 

3. Boil 1 ml. of duodenal contents, coo! and add to 1 tube of litmus milk. Add 1 
ml. of unheated duodenal contents to the second tube. Place both tubes in a water bath 
at 37° C. for 15 to 30 minutes, or longer if required. 

4. Note the color of the tubes. A red color in the second tube containing the un- 
heated duodenal contents with no color change in the first tube indicates the presence 
of lipase. A red color in both tubes indicates that at least part of the acidity is due 
to causes other than lipolytic activity. 

Microscopic Examinations. 1. Prepare wet coverglass preparations of the sedi- 
ment of uncentrifuged or centrifuged duodenal contents. These examinations must be 
made promptly, before any of the elements are digested or otherwise changed. Examine 
microscopically with subdued light. 

2. An excess of oval or cuboidal shaped epithelial cells is most commonly observed. 
Excessive numbers occur in acute duodenitis. Degenerated, atypical and bile-stained 
cells may be found in chronic duodenitis. 

3. Mucus appears as well defined ribbons or bands which are not necessarily bile- 
stained but sometimes tinged rusty red by hemoglobin. Bile-stained bacterial colonies 
may be found. 

4. Animal parasites like Giardia lamblia and Strongyloides stercoralis may be ob- 
served, as likewise the ova of Necator americanus. 


EXAMINATIONS OF BILE 


Principles. 1. From the clinical standpoint it is obvious that exaininations of the 
bile obtained without surgical intervention are, potentially at least, of most value for 
the diagnosis of diseases of the biliary tract, although the examination of specimens 
obtained during operations or immediately after death are of particular value for in- 
vestigative work. Fortunately, it is usually possible to obtain bile preoperatively by the 
duodenal drainage method of Lyon. Owing, however, to the chances of contamination 
with gastric and duodenal juices, the method has been criticized. It is true that gross 
contamination reduces the value of macroscopic examinations and of microscopic exam- 
inations as well, at least insofar as cytology is concerned, and may likewise interfere 
with the accuracy of chemical analyses. Nevertheless, when bile is properly collected 
by this method, it would appear that macroscopic examinations for color, viscosity, 
flocculi and “sand” are of distinct diagnostic value as are microscopic examinations 
for the kinds and numbers of cells and especially for crystals of cholesterin, calcium 
bilirubinate and parasites. Obviously, however, even minor contamination renders 
bacteriologic examinations worthless, but here again it is apparently possible in many 
instances to obtain bile acceptable for this purpose, providing all of the precautions 
against contamination are taken, as so carefully described and emphasized by Lyon. 
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2. According to this method, the bile first obtained is from the common duct fol- 
lowing relaxation of its sphincter and is designated as “A” bile. This is thought to be 
followed by bile from the gallbladder, designated as “B,” and finally by that freshly 
excreted by the liver, designated as “C.” If the bile has escaped from the common duct 
because of relaxation of the sphincter, its segregation into these three categories can- 
not be made and the bile collected is then assumed to be a mixture of that from the 
gallbladder and biliary ducts, designated as “BC.” Needless to state, considerable 
skill and experience in the microscopy of the bile are essential in relation to the clinical 
value and interpretation of the results. 


Fig. 111. Method of passing the duodenal tube (Swalm). 
(From Kolmer, Clinical Diagnosis by Laboratory Examinations, 2nd ed. Courtesy of Appleton- 
Century-Crofts, Inc.) 


3. The presence of bile in the fasting duodenal contents is clinical evidence against 
complete obstruction of the common bile duct. Despite repeated stimuli there may be 
a delay of many hours before the flow of bile is established. This may be due to dis- 
lodgment of a stone and relaxation of the sphincter of Oddi, or to a reduction of edema 
of the ducts. However, absence of bile does not mean that it fails to reach the duo- 
denum at any time. Usually there is sufficient unaltered bile pigment to give the duo- 
denal contents a tinge of yellow under normal conditions. A small amount of urobilin 
(a reduction product of bilirubin) is likewise normal but the chromogen (urobilinogen) 
is found only when urobilin is present in marked excess. Under the circumstances an 
excess of either or both has the same significance as their increase in the feces, being 
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indicative of increased blood destruction in the hemolytic anemias or from other causes. 

Collection. 1. Steps 1, 2, 3 and 4 as described for the collection of duodenal con- 
tents. If not too ill, the patient may sit on a chair. In passing the tube, stand a little 
to the right of the patient, facing her with the tip of the tube in the right hand (Fig. 
111), and explain that when the tip is placed in the back of the mouth she should 
alternately swallow and breathe naturally through the nose, holding the head in a 
natural position, until the tip has passed the glottis, after which the tube may easily 
be slipped down to the stomach mark in the absence of esophageal obstruction or an 
excessive gag reflex. 


Fig. 112. Method of gastric lavage in duodenal drainage (Swalm). 


(From Kolmer, Clinical Diagnosis by Laborator nati f 
: 5 4 y Examinations, 2nd ed. ! - 
ik eae are 3 ed. Courtesy of Appleton 


5. The stomach is now washed with several 250 ml. units of sterile water at body 
temperature through a percolator or funnel placed about 18 inches above the patient’s 
head. This is returned by syphonage into a graduate on the floor (Fig. 112). 

6. Following this, 100 ml. of sterile water may be introduced through the tube into 
the stomach to encourage gastric peristalsis in carrying the tip through the pyloric 
canal, and the tube is then clamped. 

7. The patient is instructed to lie on the bed on her right side (Fig. 113) and 
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slowly swallow the tube, taking 20 minutes to get the duodenal mark on the lips. One 
minute for each centimeter on the Lyon tube will usually engage the tip synchronously 
with the frequent peristaltic waves which will carry it through the pyloric canal. 

8. The tube is then unclamped and connected to the first bottle. The first fluid to 
appear will be either pearly gray or yellow duodenal-pancreatic fluid. The fasting 
duodenum frequently already contains bile. 

9. The flow of bile is now stimulated by the introduction of a saturated solution 
of magnesium sulfate diluted with two volumes of sterile water to make a 33 per cent 
volumetric solution. With this the patient is stimulated one or more times, depending 
upon the amount of magnesium sulfate solution that has been retained. The following 
fractional dose is advised: first stimulation 45 ml., recovering as much as possible; 


Fig. 113. Duodenal lavage in the Sim's position (Swalm). 
(From Kolmer, Clinical Diagnosis by Laboratory Examinations, 2nd ed. Courtesy of Appieton- 
Century-Crofts, Inc.) 


second stimulation 30 ml. and third stimulation 30 ml. Care should be taken that not 
more than 90 ml. is retained at any one time, because of the danger of producing a 
severe adynamic ileus of the upper small intestine. Otherwise stimulation may be 
accomplished by introducing 15 to 30 mi. of olive oil warmed to body temperature 
(adding 15 ml. of hot water facilitates its delivery through the tube). Since the oil 
rises to the top of the specimens and does not dilute the flow of bile, it affords the 
most satisfactory results when quantitative chemical analyses are to be carried out. 
Olive oil frequently produces a more prompt flow of B bile than occurs with mag- 
nesium sulfate, and occasionally will cause such a flow after previous drainages with 
the magnesium salt have failed to do so. The chief objection to the use of olive oil, 
however, is that it interferes with microscopic examinations. wee stimulant should be 
warmed to body temperature and the tube clamped for 2 to 5 minutes before syphonage 
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is established. This will begin immediately provided the tube remains filled with fluid 
before being clamped. A mixture of equal parts of solution of magnesium sulfate and 
a sterile 5 per cent solution of peptone (boiled and filtered) will sometimes give better 
results and is satisfactory for microscopic examinations and cultures. 

10. Over a 3-hour drainage period the amount of bile mixture usually recovered 
by an adequate drainage will total 250 to 400 ml., including 20 ml. of pearly gray or 
yellow duodenal fluid (D bile), 10 to 20 ml. of golden-yellow duct bile (A bile), 30 
to 75 ml. of dark yellow-brown, mahogany, dark green, or black gallbladder bile (B 
bile), and at least 200 ml. of golden to lemon liver bile (C bile). (See Plate XIII). 

1. Cultures are made as desired from any bile sample. For gallbladder culture the 
best material is afforded by the last of the B bile (the dregs from the floor of the 
gallbladder). This is theoretically true but is practically difficult to accomplish. Cul- 
tures are taken directly into glucose hormone bouillon in the special flasks devised by 
Richardson (Fig. i114). Or the bile may be collected in a sterile vial and plated in the 
laboratory. 


Fig. 114. Special culture flask. 
(From Lyon, Non-Surgical Drainage of the Gall Tract. Courtesy of Lea and Febiger Company.) 


12. According to Swalm, if bile is not obtained at the first attempt, the procedure 
should be repeated after sedatives and antispasmodics have been administered orally 
for several days. In case of thick gastric mucus, spirits of ammonia and sodium bicar- 
bonate, % dram of each, may be added to 250 ml. units. If after the tube reaches the 
duodenum, drainage does not proceed properly, it may be started by tilting upwards 
the glass connection, thus reducing air pressure. In stubborn cases, Yoo grain of 
atropine in 25 ml. of warm water, clamped off for 5 minutes, will often facilitate the 


procedure. If duodenal mucus is found to be blocking the tube, lavage several times 


PLATE XIll 


A, common duct bile B, gallbladder bile C, liver bile 
(chiefly). (chiefly). (pure). 
(From Lyon Won Sureicod Drainage of the Gall Tract. Courtesy of Lea and Febiger Company.) 
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Fig. 115. Microscopy of duodenal contents and bile. 


1. Stratified pavement epithelial cells from buccal membrane of normal mouth, X 350. 2. Isolated 
esophageal epithelial cells, x 380. 3. Gastric cells with conspicuous degenerative changes, x 360. 
4. Duodenal cells, oval or cuboidal. Most common type in “wet preparations, <X 380. 5. Gallbladder 
cells, bile stained, 380. 6. Gallbladder cells obtained on biliary drainage, x 380. (From Lyon, An 
Atlas on Biliary Drainage Microscopy. Courtesy of Lea and Febiger Company.) 


¢ 
¢ 
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with 25 ml. magnesium sulfate in 225 ml. of warm water will usually overcome the 
difficulty. 

In obstinate cases in which there is difficulty in obtaining B bile after ordinary 
stimulation, the use of a mixture of peptone (1 dram in 75 ml. of water, boiled and 
filtered) with 25 ml. of magnesium sulfate solution and %4o 9 grain of atropine will 
often succeed. Drainage in difficult cases can sometimes be started by instructing the 
patient to rise on the elbow for 2 or 3 minutes while air is syringed in and out of the 
tube. In the case of nervous individuals it is advisable to give bromide and atropine 
orally on arising in the morning. Most patients relax better when given some light 
reading during the drainage. 


Fig. 116. Short columnar bile-stained epithelium. 
(From Lyon, Non-Surgical Drainage of the Gall Tract. Courtesy of Lea and Febiger Company.) 


Macroscopic Examinations. The gross description of each of the bile fractions 


should include: 


1. AMOUNT. ; 
2. Conor. Red and green biles are anomalous and may be obtained at times directly 


from the liver or gallbladder. The admixture of gastric juice will frequently cause any 


specimen to turn green on standing. ; 
3. FLOCCULATION AND PRECIPITATION. The amount of white or bile-stained flakes 


suspended in or resting on the bottom of the receiving bottle in uncentrifuged specimens 
should be recorded as to degree, as follows: 


--+ = occasional floccule (normal) 


++t+to++++= pathologic 


4. Buoop. Pure blood rarely observed. 
5. Rep Mucous FLEcks. Often associated with gastric or duodenal ulcer. 


6. Viscosiry. Normally slightly viscous, due to mucin. 
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Fig. 117. Tall columnar bile-stained epithelium. 
(From Lyon, Non-Surgical Drainage of the Gall Tract. Courtesy of Lea and Febiger Company.) 


Fig. 118. Degenerated bile-stained columnar epithelium. 
(Fzom Lyon, Non-Surgical Drainage of the Gall Tract. Courtesy of Lea and Febiger Company.) 
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Fig. 119. Microscopy of duodenal contents and bile. 


1. Salivary corpuscles, oval or round cells containing irregular sized granules, X 380. 2. Myelin 
threads from gastric tubules, rolled into small snail-like bodies by gastric peristalsis, X 380. 3. Pus 
cells with intact protoplasm, x 380. 4. Yeast, leptothrix and mixed bacteria, X< 250. 5. Vegetative 
forms of Giardia lamblia < 460. 6. Larvae of Strongyloides stercoralis, Lugol’s stain, X 360. (From 
Lyon, An Atlas on Biliary Drainage Microscopy. Courtesy of Lea and Febiger Company.) 
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As a rule it may be said that normal duct, gallbladder, and liver biles will be trans- 
parent and free from turbidity, except as occasional zones of turbidity, like an egg yolk 
emulsion, form in the drainage bottles as spurts of acid gastric juice (physiologic 
action of the vagus) blend with the bile. This turbidity, caused by the precipitation of 
bile acids, will clear up on shaking the specimen if the pH of the duodenal bile mixture 
is sufficiently alkaline. Otherwise turbid biles are to be construed as pathologic, 
especially when they contain much floculent debris or sediment abundant in exfoliated 
epithelial cells, pus cells, bacteria, mucus, crystalline elements, or oleaginous substance. 

Not infrequently in the presence:of a nonfunctioning gallbladder, liver bile will 
be darker and more concentrated than normal. This concentration of bile may readily 
be ascertained by determining its bilirubin content, especially if olive oil has been used 
as the stimulant. The normal bilirubin content of liver bile, obtained by the use of 
olive oil, ranges from 2 to 10 mgm. per 100 ml. in the duodenal fluid, whereas the 
bilirubin content of abnormal liver bile ranges from 11 to 40 mgm. per 100 ml. when 
obtained under similar conditions. The B fraction, which is a mixture of gallbladder 
and liver bile, should exhibit an appreciable elevation in bilirubin content (15 to 80 
or more mg. per 100 ml.) if the gallbladder is functioning properly. 


Fig. 120. Cholesterin crystals. 
(From Lyon, Non-Surgical Drainage of the Gall Tract. Courtesy of Lea and Febiger Company.) 


Microscopic Examinations. 1. Do not centrifuge the specimens. 

2. Fish for desired floccules and sediments with a pipet and prepare wet prepara- 
tions. 

3. Examine fresh unstained wet preparations under both low and high dry mag- 
nification. 

4, Examine at least three preparations from each specimen showing flocculation. 

5. Epithelial cells, which may be bile-stained, are commonly observed (Fig. 115). 
These usually occur as single layers of short (Fig. 116) or tall (Fig. 117) columnar 
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Fig. 121. Microscopy of duodenal contents and bile. 

1. Mucus ribbons or bands from duodenal zone in sheets, X 180. 2. Grade one oleaginous de- 
generation, X 380. 3. Combination of cholesterin and calcium bilirubinate crystals, x 360. 4. Mixture 
of calcium, cholesterin and bile pigment crystals. 5. Striated meat fiber, & 200. 6. Starch cells from 
bread, X 460. (From Lyon, An Atlas on Biliary Drainage Microscopy. Courtesy of Lea and Febiger 
Company.) 
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bile-stained cells. Degenerated bile-stained types are frequently observed (Fig. 
118). 

6. Bile-stained pus cells with prominent nuclei may be found due to infections 
of the biliary tract (Fig. 119 (3)). 

7. Cholesterin crystals are particularly significant (Fig. 120); likewise mixtures of 
cholesterin and calcium bilirubinate crystals (Fig. 121 (3-4)) and mixtures of calcium, 
cholesterin and bilirubinate crystals (Fig. 121 (4)). 

8. In cholangitis and occasionally in cholesterosis of the gallbladder, yellow or 
orange colored droplets of oily fluid may be associated with bile-stained mucus (Fig. 
121 (2)); this oleaginous material is probably a fatty ester of cholesterol from which 
cholesterin crystals may develop. 


Fig. 122. Bacterial colony in duodenal contents. 
(From Lyon, Non-Surgical Drainage of the Gall Tract. Courtesy of Lea and Febiger Company.) 


Chemical Examinations. Much added information is needed on the chemistry of 
bile obtained by duodenal drainage in relation to clinical diagnosis. That significant 
changes occur in the gallbladder bile in disease has been shown by Ravdin and others 
with bile chiefly obtained at operation, largely referable to changes in pH concentra- 
tion, basic ions and chlorides. But few similar studies have been made with bile obtained 
preoperatively by duodenal drainage. The normal bilirubin of liver or C bile obtained 
by this method ranges from 2 to 10 mg. per 100 ml., whereas, the dark bile of gall tract 
disease ranges from 11 to 40 mg. per 100 ml. Chiray and Marcotte have observed that 
in noncalculous cholecystitis the concentration of cholesterol and bilirubin is high, 
whereas when the gallbladder contains stones with a patulous cystic duct, the reverse 
obtains. However, it is necessary that studies on the chemistry of biles obtained pre- 
operatively by duodenal drainage be compared with those obtained at operation on 
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the same patients before any definite statements can be made concerning their diagnos- 
tic value. At the present time such studies by Shay and Riegel have indicated that a 
close correlation has not been obtained, either in respect to chemical changes, or in 
connection with the results of cholecystography. 

Insofar as normal bile obtained at operation or postmortem is concerned, chemical 
analyses have shown 8 to 18 per cent total solids, 1 to 4 per cent mucin and from 
0.5 to 1.1 per cent inorganic material. But values outside of these limits are not 
uncommon. Hepatic duct bile is alkaline (pH 7.4 to 8.5) while gallbladder bile is 
slightly acid or neutral (pH 5.4 to 6.9). The chief ingredients are the bile acids in 
combination as alkaline salts, bile pigments, lipids, including cholesterol, mucoprotein 
and electrolytes (approximately equivalent to that of plasma in the case of liver bile 
while higher in gallbladder bile). The concentration of cholesterol in liver bile is less 
than that of the blood, most values being below 100 mg. per 100 ml. Gallbladder bile, 
however, contains more cholesterol (150 to 200 mg. per 100 ml.) and particularly in 
diseases of the liver and gall tract. 

Bacteriologic Examinations. 1. Smears of unstained and stained material may be 
examined for preliminary data as described earlier (Fig. 122). 

2. Cultures should not be made if there is excessive retching and gagging because 
of the chance of contamination. 

3. Cultures are indicated (a@) when large numbers of organisms are seen in smears, 
(b) in cases requiring a careful search for foci of infection, (c) in cases of obvious 
gallbladder infection in which vaccine therapy is to be tried. 

4. The technic is described in Chapter 21. 


11 


METHODS FOR CONDUCTING LIVER FUNCTION 
RESIS 


Principles. 1. No other organ has as many functions to perform as the liver. 
Indeed, its role in maintaining a constant supply of utilizable food materials requires 
its participation in every phase of metabolism, so that it has been aptly described by 
Mann as the “commissariat of the body.”’ Furthermore, it is the site of many syntheses 
as well as being an organ concerned in detoxication, secretion and excretion. Owing, 
however, to its large size, enormous reserve capacity and remarkable regenerative 
powers, it has been estimated that about 75 per cent must be destroyed functionally 
or anatomically before gross impairment of its functions occurs. For this reason and 
because of its multiple functions, no one test for functional capacity has been found 
satisfactory. 

2. Therefore, it is frequently impossible to detect evidences of dysfunction even 
in the presence of advanced anatomical damage, the result of either primary disease 
of the liver, or secondary lesions of the gallbladder and extrahepatic ducts. This is 
especially true of chronic diseases such as cirrhosis, syphilis and carcinoma which, 
because of their slow progress, are associated with compensatory regeneration with 
little or no impairment of functions. In acute hepatic disease, however, and especially 
in hepatocellular necrosis, the functional tests yield more satisfactory results. Then, 
too, some of the functions of the liver are so intimately associated with other organs 
that it is difficult or impossible, as stated by Mann, definitely to determine the hepatic 
factor. 

3. In view of the multiplicity of the functions of the liver it is apparent, therefore, 
that many laboratory examinations other than function tests may reveal the presence 
of damage to this organ. Among these may be mentioned various blood chemistry deter- 
minations as those for fasting blood sugar, amino acids, urea nitrogen, uric acid, 
fibrinogen, total proteins (with the albumin-globulin ratio), prothrombin, bilirubin, 
cholesterol and cholesterol esters and phosphatase, of fats and urobilin (hydrobilirubin) 
in the feces and of urobilinogen in the urine. Indeed, when any of these indicate liver 
damage under circumstances where nephritis and other extrahepatic disease may be 
excluded, function tests may not be required. But, otherwise and especially when it is 
important to estimate the degree of liver damage, the function tests may be advisable. 

4. A large number of liver function tests have been proposed. Some, like the glucose 
and galactose tolerance tests are based upon the assumption that disturbances of the 
liver in relation to carbohydrate metabolism are sufficient for indicating dysfunction 
of this organ as a whole, while the Takata-Ara and colloidal gold tests have been 
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cially of globulins) in relation to protein metabolism and that of Hanger by noting the 
capacity of blood serum to floculate a colloidal suspension of cephalin-cholesterol. The 
bilirubin tolerance test was designed for the detection of disturbances of pigment 
metabolism while the hippuric acid synthesis test was designed to detect disturbances 
in the detoxifying and conjugation functions. Others, like the bromsulfalein and rose 
bengal tests, are based upon the assumption that the ability of the liver to excrete dyes 
is a sufficient measure of its functional capacity for clinical purposes while the pro- 
thrombin test is based upon the response of the liver to the administration of synthetic 
vitamin K, 


CLUCOSE TOLERANGEMEST 


Principle. This test is based upon the failure of storage of glycogen in the liver 
with increased or prolonged hepatic glycogenolysis. 

Procedure. 1. Collect a specimen of venous blood in oxalate 12 hours after last 
meal (preferably before breakfast). 

2. Administer 50 to 100 gm. of glucose in 250 to 500 ml. of cold water flavored 
with lemon. 

3. Remove specimens of blood %, 1, 2 and 3 hours later. 

4. Advisable to also collect arterial (capillary) blood before the administration of 
the glucose and at the same intervals after it. 

5. Determine the glucose content of each specimen of blood. 

6. Normally the venous blood glucose reaches 140 to 160 mg. per 100 ml. within 
an hour returning to about the fasting level in 2% hours. Arterial (capillary) blood 
glucose increases more rapidly and is from 10 to 15 mg. higher with a slower return 
to normal. 

7. Hepatic dysfunction is indicated by a higher venous blood glucose within 34 to 
1% hours with a rapid fall within 2 to 3 hours. The difference between venous and 
arterial (capillary) blood glucose is normal or but slightly increased. 


GALACTOSE TOLERANCE TES 


Principle. This is a test for the efficiency of glycogen storage. Galactose is not a 
renal threshold substance. Retention in the blood indicates failure of the liver to 
metabolize carbohydrates. 

Procedure. 1. Collect blood (oxalate) and urine before breakfast. 

2. Administer 1 gm. of galactose per kilo of weight (usually 40-50 gm.) dissolved 
in 250 to 500 ml. of cold water flavored with lemon. ; 

3. Collect urine and blood hourly for 5 hours thereafter. Water may be allowed 
but no food. 

4. Determine the sugar content of each specimen of blood. 

5. Test each specimen of urine for sugar by the Benedict qualitative method. 

6. Mix the specimens giving positive reactions, measure and determine the total 
amount of sugar excreted by the Benedict quantitative method. 

7. The test may be conducted also as follews: (a) Measure the total volume of 
the urine samples in milliliters. 

(6) Divide this volume by 100 and with a Mohr pipet transfer this amount to a 
250 ml. cylinder. Dilute carefully with distilled water to 150 ml. and mix thoroughly. 

(c) Determine the amount of sugar present in 2 ml. of the diluted urine by the 
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Benedict quantitative method. As galactose gives only 80 per cent as much reduction 
as glucose, ihe result must be multiplied by 1.25 to obtain galactose. If the Duboscq 
colorimeter is used, set the unknown at 25 and calculate as follows: 


155 5 : 
00. rams of galactose in total specimen 

When the fasting urine contains glucose, or it is desired to perform the test on a 
diabetic patient, a portion of the urine should be fermented with washed yeast sus- 
pension. Consider carefully the dilution of the urine or use other appropriate calcula- 
tions. 

8. Normally the total elimination of sugar in the urine is not usually above 3 gm. 
although less than 6 gm. may not be significant. The blood sugar in the 2-hour speci- 
men is not usually more than 30 to 120 mg. per 100 ml. 

9. A total of 6 gm. or more in the urine is usually indicative of intrahepatic 
jaundice. 

BILIRUBIN TOLERANCE TEST 


Principles. This test proposed by Eilbott, has its greatest field of usefulness in 
cases of liver disease in which the serum bilirubin does not exceed 1 mg. per 100 ml. 
Soffer believes that it may be the most sensitive single function test of all but it has 
the drawbacks of high cost of bilirubin and the analytical precision essential for eliciting 
small differences, especially when the total amount in the blood is small. It is based 
upon the excretion of bilirubin by the parenchymal cells of the liver. 

Procedure. 1. Prepare a solution of chemically pure bilirubin by dissolving 1 mg. 
per kilogram of body weight (should not exceed 70 mg.) in 15 ml. of a 4» molar 
solution of sodium carbonate which has been previously brought to the boiling point 
and allowed to cool to 80° C. 

2. Take a sample of venous blood in oxalate (preferably in a paraffined tube) with 
a dry syringe and then inject the solution of bilirubin through the same needle. 

3. Obtain samples of blood in the same manner from the other arm 5 minutes and 
again 4 hours later. Allow no food or water. 

4. Estimate the bilirubin in each sample of blood. In conducting these tests 2 ml. 
amounts of plasma of the control and the 4-hour sample are thoroughly shaken with 
2 ml. of redistilled acetone, while 1 ml. of plasma of the 5-minute sample is thoroughly 
shaken with 4 ml. of acetone. The plasma and acetone mixtures are then centrifuged 
and filtered directly into a dry microcolorimeter cup and compared with a standard 
1:6000 solution of potassium bichromate. The difference in bilirubin concentration 
between the first 2 specimens is taken to represent 100 per cent of the injected bilirubin 
and is the basis upon which is computed the per cent retention at the end of 4 hours. 

5. Normally all or nearly all of the bilirubin is excreted in 4 hours and the blood 
does not show a retention above 6 per cent at the highest. 

6. A retention of more than 6 per cent indicates hepatic dysfunction. 


HIPPURIC ACID SYNTHESIS TEST 
Principles. 1. This test, which was first described by Quick (Am. J. M. Sc., 1933, 
185:630; Arch. Int. Med., 1936, 57:544), is based upon the conversion of sodium 
benzoate by conjugation with glycine in the liver into hippuric acid, which is excreted 
in the urine as a sodium salt. In certain diseases of the liver this function is reduced 
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either by a decrease of the ability of the liver to render glycine available or in part to 
damage or loss of the enzyme involved in the conversion of sodium benzoate by con- 
jugation with glycine into hippuric acid. Consequently, this test is a measure of both 
the detoxifying and metabolic functions of the liver. 

2. In conducting the test sodium benzoate may be administered orally or by intra- 
venous injection. The latter obviates nausea and vomiting, removes the possibility of 
poor absorption, requires less time and has proven more sensitive in the detection of 
early dysfunction of the liver. In either test the patient should be given no drugs for 
at least 2 days before it is conducted. 

3. However, since the excretion of hippuric acid in the urine may be due to dys- 
function of the kidneys, the test should not be conducted in the presence of this impair- 
ment. 

Oral Test. 1. A light breakfast of cereals or toast with coffee, tea or milk with no 
other fluids is allowed. 

2. The bladder is completely emptied one hour after breakfast and the urine dis- 
carded. 

3. Six grams of sodium benzoate dissolved in 30 ml. of water flavored with oil of 
peppermint or a teaspoonful of syrup of cherry is administered. The container is 
rinsed with 125 ml. of water which is also swallowed. The time is recorded and no other 
fluids are administered. 

4. All urine voided during the following 4 hours is saved. At the end of this time 
the bladder is completely emptied (by catheterization if necessary) and the urine added 
to all previous specimens voided during the period of 4 hours. 

5. Accurately measure the total volume of urine within 1 ml. If the total volume 
is 100 ml. or less, all is used for analysis. If more than 100 ml. but less than 150 ml. has 
been collected, use 100 ml. in the analysis. If more than 150 ml. has been coliected, 
acidify with acetic acid, evaporate in a water bath to less than 150 ml. and use 100 ml. 
of the concentrated urine. 

6. Place in a 250 ml. beaker. Add 5 gm. of solid ammonium sulfate per 10 ml. of 
urine and stir until dissolved. Filter into a 250 ml. beaker. 

7. To the filtrate add concentrated hydrochloric acid until the reaction is acid to 
congo paper (blue). Stir thoroughly, scratching the sides of the beaker with a glass rod 
to hasten crystallization, until the crystals separate out. A mechanical stirrer may be 
used. 

8. Place the beaker in ice water or in a refrigerator for 30 minutes, with occasional 
stirring. 

9. Filter off the crystals of hippuric acid by suction on a small Buchner funnel. 
Rinse the last amounts from the beaker on to the funnel with minimal amounts of cold 
30 per cent solution of ammonium sulfate (30 gm. ammonium sulfate dissolved in 
100 ml. distilled water). Suck out the mother liquor into the suction flask and measure 
its volume before discarding. Without using suction, pour small portions of ice cold 
distilled water to dissolve the ammonium sulfate. Allow this solution to remain on the 
filter for 1 or 2 minutes followed by suction. 

10. Quantitatively transfer the precipitate and filter paper to a beaker with the aid 
of a small amount of warm water. Add sufficient hot distilled water to dissolve the 


crystals, heating the solution if necessary. 
11. Add a few drops of phenolphthalein solution and titrate with 0.2 N sodium 
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hydroxide solution to a permanent pink. One ml. of 0.2 N sodium hydroxide equals 
0.358 gm. of hippuric acid. 

12. Calculation: ml. of 0.2 N sodium hydroxide used x 0.358 = gm. of hippuric 
acid in quantity of urine used. To determine the amount of hippuric acid excreted, a 
correction is made for the hippuric acid that was soluble in the filtered urine and 
washing. In the presence of ammonium sulfate this amounts to 0.1 gm. per 100 ml. 
which must be added to the previous figure. If only an aliquot was used for analysis, 
then the determined hippuric acid plus the hippuric acid in the filtrate and washing 
must be divided by ml. of aliquot used and the quotient divided by the ml. of urine 
excreted in the four hours. Multiply by 0.68 to convert the amount of hippuric acid 
into the amount of benzoic acid it represents. 

13. Instead of this titration of the hippuric acid, it is sometimes convenient to 
collect it on a weighed sintered glass crucible of medium porosity, rinsing the last bits 
of precipitate on to the crucible with cold 30 per cent ammonium hydroxide solution. 
The mother liquor is sucked out in the same manner as before and 5 ml. of cold ice 
water used to remove the excess of ammonium sulfate. The precipitate is sucked dry 
and the crucible weighed to constant weight. The actual weight of the hippuric acid 
is obtained from the difference of the two weighings. The correction for the dissolved 
hippuric acid and the balance of the calculation is the same as for the titrimetric 
procedure. The advantage of titration is that results may be obtained more quickly. 

14. Normally the average excretion of hippuric acid is equivalent to 3 gm. of 
benzoic acid within the four hour period. Excretion is expressed as percentage of this 
3 gm. average. The lower limit of normal, when ammonium sulfate is used in the separa- 
tion of hippuric acid, should be 90 per cent. There is no upper limit. 

Intravenous Test. 1. Give the same breakfast as in the oral test. 

2. One hour later the bladder is emptied and a glass of water is taken. Immediately 
administer 20 ml. of a sterile aqueous solution containing 1.77 gm. of sodium benzoate 
by intravenous injection over a period of 5 to 10 minutes in order to avoid nausea and 
flushing. If the patient has been vomiting before the test the breakfast may be 
omitted. 

3. Collect urine one hour after the injection is completed (by catheterization if 
necessary ). 

4. Measure the amount of urine in milliliters and add 5 gm. of ammonium sulfate 
for each 10 ml. Mix and filter. Complete the test as described for the oral test. 

5. Normally the amount of hippuric acid excreted is equivalent to 0.7 gm. of 
benzoic acid in the total one-hour specimen of urine. 


BROMSULFALEIN TEST 


Principles. This test, proposed by Rosenthal and White (J.A.M.A., 1925, 8:1112), 
is based upon the excretion of bromsulfalein by the parenchymal cells of the liver aided 
by destruction of the dye by the Kupffer cells. Some may also undergo destruction in 
the tissues. The test is less reliable if the serum is discolored with bilirubin. 

Procedure. 1. The dye is available in a 5 per cent solution of which 0.1 mi. con- 
tains 5 mg. (Hynson, Westcott and Dunning). 

2. Weigh the patient and calculate the dosage on the basis of 2 mg. per kilogram 
of weight. The weight in pounds divided by 55 gives the exact dose. Slowly inject intra- 
venously with care against extravascular injection. 
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3. At the end of exactly 30 minutes withdraw 4 or 5 ml. of blood from a vein of 
the opposite arm with a dry needle and syringe and place in a dry test tube to prevent 
hemolysis. 

5. Allow the blood to coagulate, separate the serum and centrifuge. 

6. Place equal amounts of serum into the two small tubes of the special colorimeter 
furnished by Hynson, Westcott and Dunning. To one of these add 1 or 2 drops of 10 
per cent solution of sodium hydroxide to bring out the color of the dye, and to the 
other add a drop of 5 per cent hydrochloric acid to clear the serum of any hemolysis. 

7. The amount of dye retained is now estimated by direct comparison with the 
permanent standards supplied with the colorimeter. 

8. Normally the alkalinized serum shows no more than a faint trace of the dye 
or none at all. In liver disease 10 to 40 per cent retention in the serum indicates slight, 
50 to 80 per cent moderately severe, and 90 per cent or higher very severe impairment 
of liver function. 

This test may be modified by injecting intravenously 5 mg. of dye per kilogram of 
weight. The amount of 5 per cent solution injected is 1 ml. per 10 kilograms (22 
pounds). Body weight in pounds divided by 22 gives the dose. The test is conducted 
in the same manner except that blood is removed from a vein exactly 60 minutes after 
the injection. The standards for the 2 mg. dose may be used but the percentage of dye 
normally retained is only two-fifths of the percentage marked on the standard tube. 
With a dose of 5 mg. of the dye per kilogram of body weight, the amount of dye 
normally retained in one hour is less than 6 per cent. In cases of impaired liver func- 
tion the amount retained is between 6 and 40 per cent or more. This test is not usually 
employed in cases of jaundice. 


ROSE BENGAL TEST 

Principles. This test, devised by Delprat (Arch. Int. Med., 1923, 32:401; and 
Am. J. Clin. Path., 1933, 3:55), depends upon the excretion of rose bengal by the liver 
in the bile. The dye is photosensitizing, so that the patient should avoid direct sunlight 
for a few hours at least. It also turns the feces red, which the patient may mistake 
for blood unless previously warned. 

Procedure. 1. Inject intravenously 5 to 10 ml. of a specially prepared 2 per cent 
solution of the dye (Coleman and Bell). 

2. Two minutes from the start of the injection, withdraw 8 ml. of blood, place in a 
tube containing about 20 mg. of potassium oxalate and mix. The plasma is used as a 
standard. 

3. Exactly 6 minutes later, withdraw a second 8 ml. of blood in an oxalate tube 
and mix. The plasma is used as a test specimen. 

4. Centrifuge both specimens and place 3 ml. of each plasma in 2 test tubes. 

5. To each tube add 6 ml. of acetone to clear turbidity and most of interfering 
pigment color by precipitation of proteins. If the plasma is yellow owing to the presence 
of bile pigment, add 3 drops of a saturated solution of sodium hydrate, let stand in 
subdued light for 15 minutes and recentrifuge. 

6. The resultant solution of dye in each specimen of plasma is usually crystal clear 


and easily compared in a colorimeter. 
7. The calculation is as follows where Rs is the colorimeter reading of the standard 
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or 2 minute specimen of plasma and Ru is the reading of the test or 6 minute specimen 
200 Rs 
Ru 
8. The normal of the 6 minute specimen of plasma is at least 50 per cent less than 
the 2 minute specimen. Values higher than 50 per cent indicate hepatic dysfunction. 


of plasma: 200 — = per cent of normal liver function. 


TAKATA-ARA TEST 


Principles. This test may give positive results in a wide variety of diseases and 
especially in parenchymatous diseases of the liver, pulmonary tuberculosis, and 
nephritis. It is correlated to some extent with changes in the ratio of serum albumin 
to globulin, but the correlation is not absolute, the mechanism uncertain and the test 
not very sensitive. Many modifications in the technic have been proposed along with 
different methods for interpreting the results. It is based on the assumption that mer- 
curic chloride and sodium carbonate form mercuric oxide in the presence of proteins. 
In pathologic states precipitation of protein (especially globulins) results. May depend 
upon a change in the constitution of the proteins without necessarily a change in the 
albumin-globulin ratio. 

Procedure. 1. Collect 5 ml. of venous blood and separate the serum. 

2. In each of a row of 8 test tubes, place 1 ml. of normal saline. Add 1 ml. of 
serum to the first test tube making serial dilutions of the serum by taking 1 ml. from 
the first test tube and adding to the second tube and then taking 1 ml. from the second 
test tube and adding it to the third, and so on to the eighth tube, from which 1 ml. 
is discarded. In this way, dilutions of the serum from 1:2 to 1:256 will be obtained. 
It is also advisable to have a control tube of 1 ml. of normal saline. 

3. To each test tube add 0.25 ml. of 10 per cent sodium carbonate and mix well. 
Then add to each test tube 0.15 ml. of 0.5 per cent bichloride of mercury solution. 

4. Read in % hour and again in 24 hours. 

5. A positive reaction is said to result when there is a persistent, dense, felt-like 
flocculent precipitation in at least 3 test tubes, at least one of which should contain 
the serum in concentrations of 1:32 or higher. As a matter of fact, when the reaction 
is definitely positive, the precipitation is usually present in more of the tubes. The 
exact significance of precipitation in less than 3 test tubes is not fully understood but 
such a result is probably abnormal and should be considered a weakly positive reaction. 
A very fine granular precipitation is frequently seen in the higher dilutions and also 
in the control, but this is without significance. Very coarse flocculi that frequently 
form in the first 1 or 2 test tubes frequently redissolve on standing and are without 
significance. 

6. As the test was originally conducted, a mixture of solutions of basic fuchsin and 
bichloride of mercury was used instead of the latter alone. This has been largely 
abandoned because the color changes that result have been found to be of no 
importance. 

7. The Takata-Ara test is positive in a very high percentage of patients who have 
advanced liver disease, particularly cirrhosis. 

8. The test can be carried out upon ascitic fluid with the same technic and the 
results obtained with ascitic fluid have the same significance as those obtained with 
serum. 

9. Under normal conditions the reaction is usually negative. 


THYMOL TURBIDITY TEST Ze 


CEPHALIN-CHOLESTEROL FLOCCULATION TEST 

Principles. Hanger (J. Clin. Investigation, 1939, 18:261) has proposed a simple 
test by which disturbances of the liver parenchyma may be detected by noting the 
capacity of blood serum to flocculate a colloidal suspension of cephalin and cholesterol. 
The test has the advantage of simplicity and is applicable to jaundiced and non- 
jaundiced individuals; apparently it has proven of most value in relation to prognosis 
in cirrhosis of the liver. The reactions expressed in terms of +, ++,+-++ and 
+-+-+-+ afford a quantitative estimation of the degree of liver impairment. It com- 
bines marked sensitivity with reliability, providing unripened cephalin is used and 
false weakly positive (+) reactions are ignored and regarded as negative. 

Procedure. 1. The reagent consists of 100 mg. of partially oxidized cephalin and 
300 mg. of cholesterol. While the cephalin may be prepared by dehydrating and 
extracting sheep’s brains it is much more satisfactory to purchase this reagent (Difco 
Laboratories, Inc.). 

2. Dissolve the dry cephalin-cholesterol mixture in 5 ml. of ether (U.S.P. 
anesthesia). This stock solution is stable if kept tightly stoppered in a refrigerator. 

3. Collect 5 to 10 ml. of blood in a clean, dry test tube after a period of fasting. 
Allow to coagulate and separate the serum. 

4. Place 17.5 ml. of freshly distilled water in a small beaker and heat to 65° or 
TOES. 

5. Slowly add 0.5 ml. of the ether solution of reagent with stirring. 

6. Slowly heat the mixture to boiling and allow to simmer until the final volume 
is reduced to 15 ml. Cool to room temperature. This emulsion is sufficient for 14 tests 
and must be used only on the day it is prepared. 

7. Place 4 ml. of normal saline solution in a test tube and add 0.2 ml. of serum; 
mix thoroughly. 

8. Set up a control tube containing no scrum. 

9. Add 1 ml. of the emulsion of reagent to each tube. Shake thoroughly, stopper 
with cotton and allow to stand at room temperature in the dark. 

10. Make the readings after 24 and 48 hours. The control tube should not show 
any flocculation. Grade the reaction as — (negative), + (doubtful flocculation), 
+ (slight flocculation), ++ (moderate flocculation), +--+ (marked flocculation) 
or +-+-++-++ (complete flocculation with clear supernatant saline solution). 


TAYMOLTURBIDIMY TEST 


Principles. 1. This test, which was developed by Maclagan (Nature, 1944, 
154:670; Brit. J. Exper. Path., 1944, 25:234), is based upon the observation that the 
sera of individuals with certain diseases of the liver produce turbidity within 30 min- 
utes when added to a barbital buffer saturated with thymol, whereas the sera of normal 
individuals produce little or no turbidity. However, when the test is allowed to stand 
for 18 hours (overnight) the serum-thymol mixtures may develop precipitates and 
especially during certain stages of infectious hepatitis. 

2. Although the exact mechanism of the reaction is unknown, it is likely that 
thymol decreases the solubility of lipids which results in the precipitation of a lipo- 
protein complex composed mainly of beta globulin, although under the conditions of 
the test, the solubility of gamma globulin is decreased. At all events, it appears that 
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the mechanism is not exactly similar to that of the cephalin-cholesterol flocculation 
test and that it may be advisable to conduct both tests for diagnostic purposes. 

Procedure. 1. Collect 5 to 10 ml. of blood in a clean, dry test tube after an over- 
night fast. Allow to coagulate and separate the serum which should be centrifuged if 
necessary. 

2. Prepare the reagent by placing 1.03 gm. of sodium barbital, 1.38 gm. of bar- 
bital and 3 gm. of powdered thymol crystals in a liter Pyrex Erlenmeyer flask. Add 500 
ml. of distilled water, heat to boiling, shake thoroughly and allow to cool at room tem- 
perature when the solution becomes turbid. Add a small amount of powdered thymol 
crystals and mix by shaking. Stopper the flask and allow to stand overnight at 20° to 
25° C. Mix and filter. Store the clear solution at room temperature (not below 20° C.). 

Since this supersaturated reagent may prove unstable, Huerga and Popper (J. Lab. 
& Clin. Med., 1949, 34:877) prepare the reagent as follows: 

(a) Dissolve a bulk amount of thymol in 95 per cent alcohol and filter. Add cold 
water to the filtrate to precipitate the thymol. Decant and dry the crystals in a desic- 
cator containing anhydrous calcium chloride for 2 or 3 days. This removes impurities. 

(6) Prepare a stock solution by dissolving exactly 10 gm. (use an analytical 
balance) of the dried crystals in 100 ml. of 95 per cent alcohol. 

(c) Prepare 1 liter of the buffer solution without thymol (sodium _ barbital- 
barbital). Place 800 ml. in a 1 liter volumetric flask, add 5 ml. of the stock 10 per cent 
solution of thymol, shake and add buffer solution to the mark. This buffer solution con- 
taining thymo] is stable and can be stored indefinitely. 

(d) The reagent for the test is prepared by placing 0.5 ml. of the stock 10 per cent 
solution of thymol in a 100 ml. volumetric flask and adding the buffer solution with 
thymol to the mark. Keep at room temperature. It may be used until turbidity develops. 

3. The standards of Kingsbury, Clarke, Williams and Post for the quantitative 
estimation of urinary protein (page 143) may be ernployed. These standards are also 
commercially available. The tubes are numbered 100, 75, 50, 40, etc., designating mg. 
of protein per 100 ml. of urine. Standards should be checked at least every two months. 

4. Place 0.05 ml. of serum in a test tube of the same size as the standards. Add 
3 ml. of reagent and mix immediately (1:60 dilution of serum). Allow to stand at room 
temperature for 30 minutes. 

5. Compare the turbidity with that of the standards in a comparator with a black 
line on a white background. If the turbidity exceeds that in the tube marked 100, 
dilute with a measured amount of reagent as required for reading the turbidity with 
the scale of the standard tubes. 

6. The results are calculated and expressed in terms of units as follows: 


Standard tube reading final dilution of serum 
iim = OK 60 = units 


For example, if the serum-reagent tube matched the 70 standard and the final 
dilution of serum was 1:120, the calculation would be a SK a —— Aeanits: 

7. A modification of this method using a photoelectric colorimeter or spectropho- 
tometer has been described by Shank and Hoagland (J. Biol. Chem., 1946, 162:133). 


8. The normal varies from 0 to 4 or 5 units. 
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Since the production of prothrombin is intimately related to the functional state of 
the liver, the production of prothrombin following the administration of synthetic 
vitamin K is of value as a diagnostic procedure in the differential etiologic diagnosis 
of jaundice. The test may be conducted as follows: 

1. Determine the prothrombin time of the plasma according to the method of 
Quick (page 112). 

2. Give 10 mg. of menadione (synthetic vitamin K) in oil by intramuscular 
injection. 

3. Determine the prothrombin time 24, 48 and 72 hours after the injection. Control 
tests with normal plasma should be included each time. 

4. The normal prothrombin time is 10 to 25 seconds (average 20). Values 10 to 15 
per cent of normal or lower are indicative of severe liver dysfunction. 


METHODS FOR THE EXAMINATION OF FECES 


Principles. 1. An examination of the feces is commonly limited to a search for 
intestinal parasites or their ova, or for pathogenic bacteria. Much of clinical value 
may be learned, however, by physical examinations with reference to amount, form and 
consistency, color, odor, reaction and mucus; also by chemical examinations for occult 
blood, bilirubin, urobilin (stercobilin) and urobilinogen, fats and nitrogen, as well as 
by microscopic examinations for remnants of food, cellular exudates, erythrocytes 
and parasites. 

2. The feces are normally composed of food residues, material secreted through 
the wall of the intestine and in the bile, leukocytes, desquamated epithelial cells and 
bacteria. The contents of the ileum are almost liquid with about 400 grams passing 
into the colon in 24 hours. Much of the fluid is absorbed in the cecum and ascending 
colon, but small amounts are also absorbed along the transverse, descending and pelvic 
portions of the colon with the result that the feces evacuated by adults are reduced 
to about 150 to 200 grams per day. 

Food residues, however, constitute a much smaller proportion of the bulk than is 
usually surmised. Indeed, the fat, protein and carbohydrate of the diet is practically 
all absorbed, with the result that if the food is free from indigestible material, espe- 
cially cellulose, the feces are composed almost entirely of intestinal secretions, and 
bacteria. During starvation, for example, feces continue to be formed and their com- 
position does not differ materially from that of feces formed after an ample diet. 

3. Due to the comparatively simple dietary of infants, the relatively rapid passage 
of the intestinal contents, and the absence of intestinal decomposition under ordinary 
conditions, the results of the analyses of their stools are much easier to interpret than 
is the case with adults in whom one has to contend with a more complicated dietary 


and take into account a large number of such underlying factors as the effects of former 
illnesses. 


MACROSCOPIC EXAMINATIONS 


Principles. In the complete routine examination of feces, attention should be 
given to the physical characteristics. Much information of clinical value may be derived 
in relation to amount, form and consistency, color, odor, mucus, concretions and animal 
parasites. These physical examinations are especially indicated in most patients with 
suspected gastro-intestinal disease and should rarely be omitted in patients who have 
diarrhea, constipation, jaundice, anemia, or in infants presenting feeding problems. 
It is frequently better for physicians to make their own inspection of the feces than 
to rely alone upon laboratory reports. 

Amount, The normal amount of feces for the average adult per day is about 150 
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to 200 grams. It is increased by a vegetable diet. One or 2 evacuations in 24 hours may 
be considered normal, yet one every 2 to 4 days is not uncommon in healthy per- 
sons. The amount is commonly and characteristically increased in states producing 
steatorrhea due to an increase of fecal lipids; also in sprue and other conditions 
accompanied by indigestion of carbohydrates, in which the stools are likely to be large 
and foamy. 

Form and Consistence. The normal stool is soft but formed, being about 1 inch 
in diameter in adults. Excessively hard feces, sometimes called scybala, are commonly 
observed in habitual constipation and indicate atony of the muscular coat of the colon. 
In spastic constipation the feces are characterized by numerous hard, ball-like masses. 
Flattened, ribbon-like stools may result from taking mineral oil but otherwise indicate 
obstruction of the rectum, generally a carcinoma or a stricture from a healed ulcer, 
most frequently due to syphilis or lymphogranuloma venereum. Soft, mushy, or liquid 
and voluminous stools may follow the administration of cathartics or result from the 
many causes of diarrhea. In the dysenteries they are invariably small, numerous and 
composed largely of mucus and blood with small amounts of fecal material. 

Color. Normally, in adults, the feces are of a light to dark brown color, chiefly 
due to urobilin (stercobilin) which is formed from bilirubin by reduction by bacteria 
into stercobilinogen (urobilinogen) and partly excreted although mostly changed by 
oxidation into urobilin. On a milk diet, however, the feces are usually of a light yellow 
color. Likewise in infants, owing partly to their milk diet and partly to the presence of 
unchanged bilirubin. The ingestion of large amounts of cocoa and chocolate may 
render them dark gray in color while large amounts of various fruits may give a reddish 
or black color, spinach and other chlorophyllic vegetables a green, beets a red, and 
rhubarb a yellow. 

Drugs may likewise alter the color. For example, the green stools due to biliverdin 
following the administration of calomel, the dark brown or black stools due to iron 
and bismuth, the red stools due to neoprontosil, the yellow stools due to santonin or 
senna, and the clay colored stools after a barium meal in connection with x-ray exam- 
inations. 

Important changes, however, may occur in disease. For example, the “‘acholic” or 
clay colored stools in obstructive jaundice which, however, may be due more to an 
excess of fecal fat than to a decrease of bile pigments; and similar stools, largely con- 
sisting of fecal lipids and having a greasy appearance, commonly encountered in achylia 
pancreatica and tuberculous peritonitis. 

Large amounts of blood from hemorrhage in the stomach or upper intestine usually 
produce tarry black and viscid stools due to digestive changes or dark brown to bright 
red when the source of bleeding is nearer the rectum. However, when diarrhea exists 
the color may be red, even if the source of the blood is higher up. Red streaks of blood 
upon the outside of the feces are due to bleeding from hemorrhoids, fissures, carcinoma 
or other lesions of the rectum or anus. Blood may be present, however, in amounts 
too small for recognition by inspection (“occult blood”) and require chemical or 
microscopic tests for its detection. 

Green stools are not uncommon, especially in the diarrheas of children, due to 
biliverdin and sometimes to chromogenic bacteria. They are sometimes seen in healthy 
infants, alternating with normal yellow stools, and have little significance unless accom- 


panied by symptoms. 
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Odor. The normal odor of feces is due to the presence of aromatic substances, 
chiefly indole and skatole, derived from the deamination and decarboxylation of trypto- 
phane by putrefactive bacteria in the colon. Therefore, since they are products of 
decomposition of protein, odor depends largely upon the amount of meat in the diet, 
being much less on a diet of vegetables or milk. 

An increase of odor, however, may be due to other proteins as in the decomposition 
of large amounts of blood, or of tissues in ulcerated cancers of the sigmoid or rectum. 
A sour rancid odor due to fatty acids is normal in infants, but may be observed in the 
diarrheas of older children and adults along with a highly acid reaction and much gas 
formation, largely due to the fermentation of inadequately digested sugars and starches. 
In severe diarrheas a putrid odor is common while feces emitting a foul stench are 
suggestive of malignant, syphilitic or other ulcerative lesions of the rectum or ot 
gangrenous dysentery. 

In addition to indole and skatole, other substances, some of which are toxic, are 
produced in the colon by the bacterial decomposition of proteins such as histamine, 
phenol, cresol and ethylamine including choline formed by the decomposition . of 
lecithin, which, in turn, gives rise to traces of neurine. 

Reaction. Normally, the reaction is neutral, slightly acid or slightly alkaline with 
a pH varying from 6.9 to 7.2. Much depends on the diet as an excess of protein results 
in alkalinity while an excess of carbohydrates produces acidity. Pathologically, there- 
fore, variations in reaction may result from intestinal indigestion of the respective 
foodstuffs. Infant’s stools are generally acid. The reaction may be determined as 
follows: 

1, Examine as soon as possible after defecation. 

2. Thoroughly mix the stool and test with red and blue litmus paper. If the stool 
is hard, mix with water. 

3. Test with Congo red paper. 

4. To a watery suspension add a few drops of a 1 per cent alcoholic solution of 
phenolphthalein (turns pink if alkaline). 

Mucus. Normally the feces contain but very small amounts of mucus intimately 
mixed with the stool. Due care is required against confusing it with mineral oil. 

Excessive quantities are easily detected by macroscopic inspection and usually 
signify irritation or inflammation of the intestine and especially of the colon. When 
small in amount and intimately mixed with the feces, it is usually derived from the 
small intestine. Stools composed almost entirely of mucus and streaked with blood 
are the rule in the acute dysenteries, amebic enteritis and ileocolitis; they may also 
occur in intussusception. 

In so-called “mucous colitis” shreds and ribbons of mucus, sometimes representing 
complete casts of portions of the colon, are passed, especially after an enema. In the 
ordinary formed stool the mucus may be unrecognized, unless the feces are well mixed 
with water, when it may appear as firm, irregularly segmented strands resembling seg- 
ments of the tape worms, or occur as brown or black jelly-like masses. It is distin- 
guished from mucus due to inflammation by the absence of pus cells upon microscopic 
examination. The disease is probably a secretory neurosis and the name “membranous 
enteritis” is inappropriate. 

Concretions. The stools of infants frequently contain whitish curds, due either 
to fat or casein or a mixture of both. After the ingestion of considerable amounts of 


MICROSCOPIC EXAMINATIONS 261 


olive or other vegetable oils, particularly when given for cholelithiasis, the feces of 
adults may show masses of soap and fat which may be mistaken by individuals for 
gallstones. So-called “intestinal sand” is now known to occur particularly in neurotic 
individuals and is composed in most cases of vegetable matter with particular reference 
to seeds, such as those of berries, bananas and pears. 

However, gallbiadder stones may occur and should always be looked for in the 
daily feces of patients over a period of at least 4 days following obscure colicky abdom- 
inal pain suggestive of gallstone colic. They are usually readily recognized by their 
faceted surfaces; otherwise by chemical examinations for cholesterol and bile pigment. 
Intestinal concretions (enteroliths) are rare. 


MICROSCOPIC EXAMINATIONS 


Principles. Microscopic examinations of the feces are usually limited to a search 
for animal parasites or their ova and cysts. However, additional information of clinical 
value is frequently to be obtained, especially by an examination of the feces for the 
numbers and kinds of cells present, although their differentiation and recognition 
require special skill and experience. Cytological examinations of this kind are particu- 
larly valuable in distinguishing betwen amebic and bacillary dysentery. 

Procedure. 1. Prepare a thick suspension by rubbing up a portion about the size 
of a walnut in water (Fig. 123). This gives a uniform mixture more representative than 
selecting small bits at random. 


arian 


Fig. 123. Mixing feces with water (Benbrook). 


2. Place a drop on a slide and cover with a large coverglass for general examina- 
tion (No. 1). sisaes 

3, Place a drop on a slide with 1 or 2 drops of 30 per cent acetic acid for muscle, 
leukocytes and pus (No. 2). 

4, Place a drop on a slide with 1 or 2 drops of Sudan III for fats (No. 3). 

5. Place a drop on a slide with 1 or 2 drops of Lugol’s solution for starches 


(No. 4). 
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6. Examine each microscopically with low and high power with the light well cut 
down, as is done in the examination of urinary sediments. 

Remnants of Food. Useful information may be obtained by examinations for 
remnants of food as a rough index of the state of digestion. It is advisable, however, 
for the patient to be on a standard Schmidt diet for this purpose. In this way some 
idea may be gained relative to the digestion of starch (slide No. 4) since the granules 
take a blue color if undigested and a red color if partially digested (Fig. 124, 1). Muscle 
fibers (slide No. 2) appear as short and transversely striated cylinders with rather 
squarely broken ends and well preserved nuclei when poorly digested, while presenting 
rounded ends with no striations at all or but faint ones, with absence of nuclei, when 
well digested (Fig. 124, 2). Connective tissue, when but partially digested, is recogniz- 
able as yellowish threads with longitudinal striations (Fig. 124, 3) and elastic tissue 
as well defined branching fibers (slide No. 1) (Fig. 124, 4). 

Some idea may be also obtained relative to the digestion and absorption of fats 
although chemical examinations for total fat are always to be preferred when the 
possibility of indigestion or faulty absorption are of particular clinical interest. Neutral 
fats, staining strongly with Sudan III, are normally absent or present in but very 
small amounts but greatly increased in steatorrhea. Fatty acids may occur as flakes 
staining orange with Sudan ITT or as aggregates of needle-like crystals which do not 
stain at all. Combined fatty acids or soaps (chiefly calcium soap) appear as yellow 
amorphous flakes or rounded masses resembling ova which do not stain with Sudan 
IIT; sometimes they occur as crystals (Fig. 124, 7 and 8). 

Crystals. Additional kinds of crystals may be found also, but few have any clinical 
significance. These include triple phosphates and the characteristic octahedral crystals 
of calcium oxalate so likely to be in excess on a vegetable diet. Charcot-Leyden 
crystals (Fig. 124, 9) are particularly apt to occur in ulcerative diseases of the colon 
and especially in amebic dysentery. Yellowish or brown, needle-like or rhombic crystals 
of hematoidin (Fig. 124, 10) may occur after hemorrhages in the gastro-intestinal tract. 
In this connection it is to be stated, however, that the dark color of feces after the 
administration of bismuth is largely due to crystals of bismuth suboxide resembling 
the crystals of hemin (Fig. 124, 12). Cholesterin crystals (Fig. 124, 11) and calcium 
bilirubinate are found occasionally, especially in cases of cholelthiasis. 

Cytology and Cytodiagnosis. Under normal conditions epithelial cells, leukocytes 
and erythrocytes are not usually present in the feces. Leukocytes and pus (Fig. 124, 5) 
are readily detected (slide No. 2). An excess of eosinophils may be found in the mucus 
discharges of intestinal allergy when smears are stained by the method of Wright, as 
in differential leukocyte counts of the blood. Epithelial cells (Fig. 124, 6) may show 
all stages of disintegration and are often unrecognizable. A marked excess of recogniz- 
able cells may occur in diseased states. 

When bleeding occurs in the small intestine erythrocytes can be seldom recognized 
and the detection of blood depends upon chemical tests. But erythrocytes are usually 
found in bleeding from the descending colon, rectum, or anus in amebic and bacillary 
dysenteries (especially the former) as well as in nonspecific ulcerative colitis, ulcerat- 
ing cancers and hemorrhoids. Furthermore, many investigators have shown that exam- 
inations for other cells are of great value in the differential diagnosis between amebic 
and bacillary dysentery. Naturally this has stimulated inquiry into the relationship 
of cellular exudates to ulcerative colitis and other types of intestinal disease. 
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Fig. 124. Microscopic examination of feces. 
1. Undigested starch granules. 2. Partly digested muscle. 3. Connective tissue. 4. Elastic tissue. 
5. Neutrophilic leukocytes. 6. Epithelial cells. 7. Neutral fat. 8. Fatty acid and soap crystals. 9. 
Charcot-Leyden crystals. 10. Hematoidin crystals. 11, Cholesterin crystals, 12, Bismuth oxide crystals. 
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If there are formed stools, preparations should be made of the outside of the fecal 
mass because of closer contact with the intestinal mucosa. But examinations of the 
watery stools following a saline cathartic are much more valuable, and especially the 
last portions of stools, because they may contain cells from pathologic lesions high 
up in the bowel. But the most valuable material is the terminal mucus evacuated after 
the last of three saline enemas taken in succession, because gross fecal material is 
washed away by the first and second enemas. Precautions should be taken against 
trauma. The new sigmoid cannula of Bercovitz may be used to aspirate the terminal 
mucus during sigmoidoscopy. 

A small amount of the material may be mixed on a slide with a drop of Loeffler’s 
methylene blue and examined microscopically after being covered with a coverglass; or 
permanent preparations may be stained with Heidenhain’s iron hematoxylin. 


Fig. 125. Fecal exudates in dysentery. 


1. Bacillary dysentery. 2. Amebic dysentery. 


With these methods it is possible to recognize and differentiate epithelial cells, 
polymorphonuclear leukocytes or pus cells, lymphocytes and endothelial or macrophage 
cells. In amebic dysentery the discharge consists largely of clear mucus sometimes 
streaked with blood, vegetative motile forms of Endamoeba histolytica, and a scanty 
cellular exudate (Fig. 125). But in bacillary dysentery, the discharge is characterized 
not only by the 1bsence of amebae but by the presence of heavy cellular exudates 
composed of pus cells, epithelial cells, lymphocytes and particularly of endothelial 
macrophages (Fig. 125); the latter must not be mistaken for amebae. 

In some types of diarrhea cellular exudates may not occur but examinations for 
them are always advisable as aids in the detection of pathologic lesions of the 
intestinal mucosa; when found, they naturally lead to more thorough examinations 
relative to the location and character of the lesions. Thus heavy cellular exudates have 
been observed not only in nonspecific chronic ulcerative colitis but likewise in the 
diarrheas of carcinoma of the colon and sigmoid and i lymphogranuloma venereum of 
women. 
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Principles. 1. Chemical tests for occult blood depend upon the reaction of the 
iron of the liberated hemoglobin with the reagent employed. 

2. In order to avoid falsely positive reactions the patient should be on a meat-free 
diet for not less than 72 hours before the collection of the specimen. This includes 
abstinence from fish as well as meat and also the elimination of broths or soups made 
from meat stock. This precaution, however, is not required when the guaiac test is 
employed because it is much less sensitive than the other tests herewith described. 

3. As the blood may be unevenly distributed it is important to mix the specimen 
thoroughly before applying the test. 

4. It is well to check a positive reaction by one method by the reaction obtained 
with another. 

Benzidine Tests. 1. Prepare a saturated solution of benzidine (labelled “For blood 
tests”) in glacial acetic acid. Keep in a brown bottle in a dark place, or prepare the 
reagent freshly as required by adding the amount oi crystals picked up on the point 
of a knife blade to 5 ml. of glacial acetic acid and warm gently to effect a solution. 

2. Prepare a thin suspension of feces in about 10 ml. of water. Add an equal volume 
of ether, shake well to dissolve fat, and discard the ether. To the extracted feces add 
about one third volume of glacial acetic acid and 10 ml. of ether; mix thoroughly and 
recover the ether. Should the ether not separate well, add about 5 ml. of alcohol and 
mix gently. 

3. Mix equal parts of the reagent and hydrogen peroxide in a test tube. Add an 
equal amount of the ether extract and mix. 

4. A blue color constitutes a positive reaction. When much urobilin is present, the 
color of a positive reaction may be purplish brown. 

ALVAREZ AND WRIGHT’S MODIFICATION OF THE GREGERSEN TEST. This test (U. S. 
Vet. Bur. Med. Bull., 1929, 5:888) is less sensitive but very satisfactory since it does 
not give positive reactions with iron salts or with foods in an ordinary diet. The technic 
is as follows: 1. Dissolve 0.225 gm. of a mixture of 8 parts of barium peroxide and 
1 part of benzidine in 5 ml. of a 50 per cent solution of acetic acid. This solution should 
be prepared immediately before it is to be used. The mixture of barium peroxide and 
benzidine, however, may be prepared in advance and stored in a dark, stoppered bottle. 

2. Rub a small portion of feces into a few drops of water on a porcelain plate. Add 
a few drops of the solution of benzidine and barium peroxide. Make readings with a 
stop watch according to the Gregersen scale as follows: 


+ + + =deep blue in 3 seconds 
+ + = distinct blue in 15 seconds 
+ = blue-green in 30-60 seconds (doubtful positive) 


Metuop or Levin AND Watt. This method (Rev. Gastroenterol., 1949, 16:650) 
also is stated to render unnecessary meat-free days before the collection of feces. It is 
conducted as follows: 1. Emulsify a small portion of feces in distilled water. 

2. Filter through paper (Whatman No. 5) into a clean test tube to obtain a clear 
filtrate. Refilter if necessary. 

3. To 3 ml. of the filtrate add 8 drops of 50 per cent solution of glacial acetic acid. 
Mix and add 8 drops of hydrogen peroxide (C.P., 3 per cent) and mix. 
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4. Carefully overlay with an alcoholic solution of benzidine to obtain a contact 
ring. The reagent is prepared by dissolving 6 gm. of benzidine in 100 ml. of 95 per cent 
ethyl alcohol; preferably allow to stand for 2 or 3 days before using. 

5. A positive reaction is indicated by the appearance of a greenish ring which 
spreads into the reagent either immediately or within 2 minutes. 

Orthotolidine Test. !. Prepare the reagent by dissolving 4 gm. of orthotolidine in 
100 ml. of glacial acetic acid. Keep in a brown bottle and prepare at monthly intervals. 

2. To 1 ml. of a water suspension of feces add 1 ml. of the reagent and 1 ml. of 
a 3 per cent solution of hydrogen peroxide. 

3. A positive reaction is indicated by the development of a bluish or bluish-green 
color in 30 to 60 seconds. 

Phenolphthalin Test. The method of Gettler and Kaye (Am. J. Clin. Path., Tech- 
nical Suppl., 1943, 13:77) is conducted as follows: 1. In a 500 ml. Erlenmeyer flask 
place 200 ml. of distilled water, 20 gm. of sodium hydroxide and 1 gm. of phenolphthal- 
ein. When completely dissolved add 20 gm. of granulated zinc (20 to 30 mesh). Using 
a reflex condenser, slowly boil until the red color disappears leaving a colorless or 
faintly yellow solution (may require 2 or 3 hours of boiling). This reduces phenol- 
phthalein to phenolphthalin. Cool, place the solution in a brown bottle with a rubber 
stopper and keep in a cool dark place. 

2. Place 2 ml. of a thin watery suspension of feces in a test tube and boil for 
30 seconds. 

3. Cool, add 5 drops of the reagent and 3 drops of 3 per cent hydrogen peroxide. 

4. A pink to red color indicates a positive reaction. 

Guaiac Test. A simple test described by Hoerr and others (J.A.M.A., 1949, 
141:1213) is conducted as follows: 1. Prepare the reagent by dissolving 2 gm. of 
powdered guaiac in 10 ml. of 95 per cent ethyl alcohol (saturated solution which is 
stable for at least a month). 

2. Prepare a smear of the feces on filter paper. Add 1 or 2 drops of the reagent 
followed by 1 or 2 drops of glacial acetic acid and 1 or 2 drops of hydrogen peroxide. 

3. The development of a blue or dark green color within 30 seconds constitutes a 
positive reaction. Any other color changes, or delayed color changes, are to be regarded 
as negative reactions. 


TESTS FOR UROBILIN 


Principles. 1. The word “urobilin” is here used as a synonym for hydrobilirubin 
or stercobilin. 

2. Owing to constipation and other factors, the amount is subject to variation, 
although the total daily output is fairly uniform. 

3. Since the mother substance, bilirubin, is a product of hemoglobin, an estimation 
of urobilin in the feces is an approximate index of blood destruction and has had a 
useful application in differentiating between pernicious anemia and the secondary 
anemias due to hemorrhage. 

4. Urobilin is absent or greatly reduced in obstructive jaundice and its return to 
the feces is often the first sign of relief. 

Schmidt’s Qualitative Test. This test depends upon the formation of urobilin- 
mercury with the production of red color. 
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1. Rub up a small amount of feces in a mortar with a saturated watery solution 
of mercuric chloride. 

2. Transfer to a shallow white dish and let stand for 24 hours. 

3. The presence of urobilin is indicated by a deep red color imparted to the particles 
of feces containing the pigment. If unaltered bilirubin is present, a green color is pro- 
duced through its oxidation to biliverdin. 

Watson’s Quantitative Test. This test (Am. J. Clin. Path., 1944, 14:605; Am. J. 
Clin. Path., 1947, 17:108) is highly accurate. It depends on the reduction of urobilin 
to urobilinogen with ferrous hydroxide, and combining the urobilinogen with modified 
Ehrlich’s reagent (0.7 gm. of para-dimethyl-amino-benzaldehyde, 150 ml. of concen- 
trated hydrochloric acid and 100 ml. of distilled water) and a saturated solution of 
sodium acetate. The color that develops is then expressed in terms of Ehrlich units by 
using a comparator block (Fig. 84, page 166) employing pontacyl dye standards. 
The technic is as follows: 1. Thoroughly mix 10 gm. of a single well-mixed specimen 
with 90 ml. of water in a mortar. 

2. Add to 100 ml. of freshly prepared 20 per cent solution of ferrous sulfate (20 
gm. dissolved in 92 ml. of water) in a 500 ml. Erlenmeyer flask. Unless the specimen 
is acholic, 100 ml. of water are added after first being used to rinse out the mortar 
used in preparing the fecal suspension. 

3. Slowly add with gentle shaking 100 ml. of 10 per cent solution of sodium 
hydroxide. Stopper the flask and place in the dark for 1 hour, or until the supernatant 
solution is nearly colorless. 

4. Filter a small portion and conduct the balance of the test with the filtrate in the 
same manner as with urine (page 165). 

5. Calculation is as follows: 


Concentration of final 5 400 (or 300) Aether Ehrlich 
solution as determined x 125 x 10 canons units per 
from match with standards : 100 gm. feces 


400 A : 
Example: 0.45 X 4 x ii x 10 = 720 units 


6. Normal adults excrete 50 to 300 Ehrlich units per 100 gm. feces. 

Quantitative Test of Wilbur and Addis. This method depends upon the extraction 
of urobilin and its quantitative estimation by spectroscopic examination. 

1. Collect all the feces for 24 hours, keeping them in darkness. 

2. Grind the whole quantity with water to a homogeneous paste. 

3. Dilute to 1000 ml. with tap water (or to 500 to 2000 ml. if the amount of feces 
is unusually small or large). 

4. Measure off 25 ml. and add to this 75 ml. acid alcohol (alcohol 64 ml., con- 
centrated hydrochloric acid 1 ml., water 32 ml.). 

5. Place in a mechanical shaker for 2 hour. Constant shaking by hand for a similar 
period will suffice. 

6. Add 100 ml. of saturated alcoholic solution of zinc acetate, and filter. 

7. To 20 ml. of the filtrate add 2 ml. of Ehrlich’s reagent (paradimethylaminoben- 
zaldehyde, 20 gm.; concentrated hydrochloric acid, 150 ml.; distilled water, 150 ml.). 

8, Keep in darkness until next day (or at least for 6 hours) and examine spectro- 
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scopically. In the presence of both urobilinogen and urobilin, the absorption bands 
indicated in Figure 126, A and B, will be seen. 

9. Dilute with 60 per cent alcohol, adding a few ml. at a time, until first one and 
then the other band has entirely disappeared when the slit of the spectroscope is wide 
open, but still remains visible when the slit is partly closed. The end point is fairly 
definite after one has established the standard upon a series of normal stools. It is 
perhaps best to use an unvarying width of slit and to dilute until the bands have just 
disappeared with this opening. One may establish uniform conditions as to the thick- 
ness of the layer of fluid, the kind and strength of the light, and the distance from the 
light, and then adopt a width of slit which gives an average of about 6000 dilutions 
in a series of normal specimens. When using the “pocket” type of spectroscope, place 

the fluid in a standard serologic tube 
about 12 millimeters in diameter, and 
employ a 60-watt frosted Mazda lamp, 
placed about 6 inches from the spectro- 
scope, which is mounted upon a tem- 
porary stand to insure steadiness. The 
eyes are protected from the light by a 

A cardboard screen. 
10. Calculate separately the number 
of dilutions necessary to cause disap- 
B pearance of each of the absorption bands 
and add the two together. The calcula- 
Fig 2be Absorptionsepectea. tion is based, not upon the 20 ml. of 

A, urobilinogen in acid solution with Ehrlich’s filtrate used, but upon the 2.5 ml. of 
reagent; B, urobilin in acid solution with zinc fecal suspension represented by the fil- 
nosis by Laboratory Methods. Courtesy of W. 8, 2#e- The dilution value for the 24-hour 
Saunders Company.) stool (1000 ml. of fecal suspension) is 

then found by multiplying this figure 
by 400. When the fecal suspension is made up to 500 or 2000 ml. the multiplier would, 
of course, be 200 or 800. This final result indicates the number of dilutions which 
would be necessary if all the urobilin and urobilinogen of the 24-hour stool were con- 
centrated in the 2.5 ml. of fecal suspension examined. 

Example: Suppose that in step 9 the urobilinogen band disappeared when the 
20 ml. of filtrate had been diluted to 25 ml., and the urobilin band when the volume 
reached 30 ml., then the dilution values for the 2.5 ml. of feces would be 10 and 12 
respectively and the combined value 10 + 12 = 22. The total dilution value of the 
24-hour stool would then be 22 & 400 = 8,800 units. 

11. The normal dilution value is about 6,000; 9,000 is the upper limit of normal. 


HUPPERT'S TEST FOR BILIRUBIN 


Principle. This test is based upon the precipitation of bilirubin by milk of lime 
followed by its solution in alcohol to which it imparts a green color. Normally, bilirubin 
is never present in the feces of adults. But in enteritis accompanied by diarrhea it may 
be present and traces may occur also in obstructive jaundice. 

Procedure. 1. Prepare milk of lime by mixing 1.5 2m. calcium oxide, U.S.P., with 
1000 ml, of distilled water. 
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2. Prepare a sodium nitrite reagent by dissolving 0.1 gm. in 10 ml. of distilled 
water. 

3. Mix fresh feces with enough distilled water to form a semifluid mass. Strain 
through cheesecloth. 

4. Add an equal volume of milk of lime to the semifluid feces, shake thoroughly 
and filter through paper. Wash the precipitate with water. 

5. Transfer both the precipitate and the filter paper to a small beaker. Add 5 ml. 
of 95 per cent alcohol, acidified slightly with sulfuric acid, and heat to boiling in a 
water bath. Add 1 drop of the sodium nitrite reagent. 

6. The presence of bilirubin is shown by the alcohol assuming a green color. 


TESTSFOR BILEVACIDS 


1. Extract a small amount of feces with alcohol, and filter. 

2. Evaporate the filtrate in a dish over a water bath. 

3. Dissolve the residue in water made slightly alkaline with potassium hydroxide 
solution. 

4. Add 0.3 ml. of a 5 per cent solution of sucrose. 

5. Transfer to a test tube and carefully run down the sides about 3 ml. of concen- 
trated sulfuric acid. Cool the tube in running water so that the temperature does not 
go above 70° C. 

A red ring at the point of contact is a positive reaction. Upon slight agitation the 
contents of the tube assume a reddish color. 


MESToAPORSPANCREATIC, ENZYMES 


Principles. Two of the pancreatic enzymes—amylase and trypsin—are normally 
present in feces. Lipase cannot usually be detected. 

In pancreatic disease and obstruction of the pancreatic duct these enzymes may 
be diminished or absent. Quantitative tests, therefore, may be of diagnostic value, 
especially in conjunction with an estimation of amylase in the urine. 

Tests for both enzymes should be done although that for amylase is the more use- 
ful of the two, since the action of trypsin may be simulated by erepsin and proteolytic 
bacteria. 

Collection of Feces. 1. Upon the evening before the test, limit the patient to a light 
supper and give a high enema at bedtime. 

2. At 7 a.m. give 750 ml. (25 ounces) of milk. 

3. At 7:30 a.m. give 14 ounce Epsom salts; repeat at 8 A.M. 

4. At 8:30 a.m. give a glass of water containing 14 teaspoonful of sodium bicar- 
bonate. 

5. Save all the feces passed up to 2 P.M. in a vessel containing 2 ounces of toluol. 
Keep in a cool place. If less than 400 ml. are obtained, give an enema of 1 pint of 
water. 

6. Dilute the whole volume of feces to 3000 ml. with 0.85 per cent salt solution, 
mix well, and centrifugalize a portion for 5 minutes. Use the supernatant fluid for the 
following tests. , 

Amylase. 1. Prepare a 1 per cent solution of soluble starch as follows: To 10C ml. 
of cold distilled water, add 1 gm. soluble starch and heat gently with constant stirrine 


until clear. 
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2. Place 2 ml. of this solution in each of 12 test tubes. 
3. To these tubes add the supernatant fluid from the centrifugalized feces as 


follows: 


Noweteilesemil: No. 7:0.6 ml. 
Nf, Beil No. 8:0.4 “ 
IN@s Seilal & iIN@, Oxop2e ™ 
ING, “lg IN@, Loe 
IN@s Saigo) Now 01050 
No. 6:0.8 “ No. 12:none (control) 


Bring the quantity in each tube up to 4 ml. with normal saline solution. 

4. Place the tubes in an incubator or water bath at about 38° C. for % hour. 

5. Fill all tubes with tap water and add a drop of weak iodine solution to each. 
Gram’s iodine solution will suffice. 

6. If amylase is present, the series of tubes will vary from yellow through reddish- 
purple to pure blue, depending upon complete or partial digestion of the starch. The 
tube before the one in which the first definite trace of blue appears is taken as the 
measure of digestion. In normal individuals it is usually found to be either the ninth 
or tenth tube, corresponding to 30,000 and 60,000 units respectively. 

Trypsin. 1. Prepare a 1:1000 solution of casein by dissolving 0.1 gm. of casein 
(C.P.) and 0.1 gm. of sodium bicarbonate in 100 ml. of distilled water. Boil for 1 
minute, stirring constantly, and cool. 

2. Place 5 ml. of the casein solution in each of 12 test tubes and add to these tubes 
the same amounts of the fecal suspension, previously filtered, as used in the amylase 
LEST: 

3. Place the tubes in the incubator or a water bath at 38° C. for 1 hour. 

4. Test for digestion of casein by adding a few drops of 3 per cent acetic acid to 
each tube and mixing gently. Digestion is complete in those tubes in which no white 
precipitate forms and the tube before the one in which the first definite precipitate 
appears is taken as the measure of proteolytic activity (nearly always the fourth 
tube). The end point is less definite than in the test for amylase. 


TESTssFORSEATS 


Principles. 1. Even on a fat-free diet there is a daily excretion of about 2 grams 
of fat, the composition of which is very similar to that of the blood lipids. Indeed, it 
has been shown that the amount of fat in the feces and its composition are to a large 
extent independent of that ingested with foods and, consequently, cannot be regarded 
as representing entirely a residue from the fat of the diet. Under the circumstances it 
is now generally believed that at least a portion of the fecal lipids is derived from the 
blood by excretion into the small intestine. 

2. On an unregulated diet considerable variation in the amount of fat in the feces 
of normal individuals is naturally to be expected and even in the same person from day 
to day. Thus, total fat in dry feces has been found to vary from 7.3 to 27.6 per cent 
per day (average 17.5 per cent). Of this, neutral fat averages 7.3 per cent; freé fatty 
acids 5.6 per cent, and combined fatty acids (soaps) about 4.6 per cent. Normally, on 
the Schmidt diet over 94 per cent of the fat is absorbed so that 6 per cent or less of 
the dried feces is composed of fat. Under the circumstances 2 total fat amounting to 
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more than 25 per cent of the dried feces is probably abnormal; likewise, a neutral fat 
exceeding 11 per cent (evidence of deficient fat splitting) and more than 16 per cent 
of fatty acids combined as soap (evidence of deficient fat absorption). 

3. An excess of fat in the feces is designated as steatorrhea. This may occur in 
enteritis involving the small intestine in which large amounts of undigested and un- 
absorbed fat are rushed through into the colon with an increase of total fat due to an 
increase of neutral fat and fatty acids, both free and combined (soaps). 

Qualitative Tests. Neutral fats, fatty acids and soaps are best detected and 
differentiated by quantitative chemical methods. Otherwise, useful data is sometimes 
obtained by rubbing up a small portion of feces on a slide with 36 per cent solution 
acetic acid, applying a coverglass and heating over a flame until the preparation shows 
bubbles (No. 1). Duplicate slides are prepared in the same manner, to one of which 
Sudan III solution is allowed to flow under the coverglass (No. 2) and to the second 
a solution of Scharlach R (No. 3). Both stains are saturated solutions in equal parts 
of 70 per cent alcohol and acetone. The slides are examined microscopically. Addi- 
tional tests may be conducted and the results interpreted as shown in Table 13. 


TABLE 13. IDENTIFICATION OF FECAL FATS. 


Mest | Neutral Fats Fatty Acids 


Microscopic (No. 1) .]/Round or irreg-| Sheaves of large nee-| Needles arranged in clusters 
ular globules;| dles or short deli-) or fans or in short plump 
highly refrac-| cate curved needles} crystals or scales. In amor- 
tile or minute] which occur in} phous form as_ gnarled 
needles such thick masses} bodies everted like the 

that the shape of| pinna of an ear. Soap crys- 
the individual crys-| tals are comparatively 
tals can seldom be] coarse, as a rule (thick 
made out short needles or flakes), 
but may be indistinguish- 
able from those of fatty 
acids 


Heat solubility Melted Melted Not melted 


Ether solubility Dissolved Dissolved Not dissolved 


Scharlach R * (No. 3) /|Stained Crystals not stained.| Not stained 
Globules stained 


Sudan III * (No. 2). ./Stained Light orange crystais 
not stained 


Water solubility 0 Sodium and potassium soaps 
dissolved. Calcium and 
magnesium soaps not dis- 
solved 


* Scharlach R and Sudan III solutions are saturated solutions in equal parts 70 per cent alcohol 


and acetone. 
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Saxson’s Quantitative Test. The soaps are converted into free fatty acids by means 
of hydrochloric acid, and the material is then extracted by shaking with ether. The 
ether removes the neutral fat, the fatty acids present as such, the fatty acids from the 
soaps, and the cholesterol. The ether is removed, the crude fat purified by means of 
petroleum ether, and the weight of the total fat obtained. The fat is then dissolved in 
benzene and titrated with N/10 sodium alcoholate solution, using phenolphthalein as 
an indicator. The fatty acid is calculated, from the titration, as stearic acid. 

1. Place about 5 grams (accurately weighed) of thoroughly mixed feces in a 100 
ml. glass-stoppered graduated cylinder, care being taken not to smear the neck of the 
cylinder. This procedure is best carried out by weighing a small evaporating dish of 
feces along with a small spatula before anc after transfer. 

2. Add 20 ml. of distilled water, 1 to 2.5 ml. of concentrated hydrochloric acid 
(depending upon the amount of the sample) and sufficient water to make a total bulk 
of 30 ml. Add exactly 20 ml. of ether, stopper, and shake vigorously for five minutes. 
Allow to stand a few seconds, remove the stopper, add exactly 20 ml. of 95 per cent 
alcohol, and again shake for five minutes. 

3. Stand the cylinder aside. The ether, containing practically all of the fat, will 
come to the top as a colored transparent layer. Blow the ether off into a 200 ml. Erlen- 
meyer flask, making use of the syphon principle as employed in the wash bottle, the 
submerged end of the delivery tube being bent upward. The thin layer of ether which 
remains is diluted with 5 ml. of ether, the tube slightly agitated, and the ether blown 
off. This is done in all five times, care being taken each time to wash down the sides 
of the cylinder. The stopper should also be washed. 

4. Twenty ml. of ether are again added and the cylinder shaken for 5 minutes and 
set aside. When the ether has nearly stratified, blow it off and wash as before. During 
the second washing stratification will complete itself. 

5. Using a hot water bath, distill off the ether until no trace of ether remains. This 
is assured by finally bringing the water bath to a boil for a few minutes. To the residue 
add 30 ml. of low-boiling petroleum ether. Stopper with a cork and allow to stand 
overnight. Petroleum ether for this work should boil below 60° C. It should be tested 
for a residue on evaporation and must be redistilled if such is present. 

6. Filter the petroleum ether solution of the fat, catch the filtrate and petroleum 
ether washings in a tall 100 ml. beaker which has been previously heated in an oven at 
100° C., transferred to a desiccator and weighed. Evaporate off the solvent on a clean 
surfaced electric hot plate (being careful not to overheat near the end). Dry in an 
oven at 100° C., cool in a desiccator for 20 minutes and weigh. The difference in the 
two beaker weighings represents total fat in 5 grams of feces. 

7. After weighing, dissolve the contents of the beaker in 50 ml. of benzene, heat 
almost to the boiling point, add 2 drops of a 0.5 per cent solution of phenolphthalein, 
and titrate with an N/10 solution of sodium alcoholate. 

8. The weight of fatty acids (in terms of milligrams of stearic acid) is obtained by 
multiplying the number of ml. of N/10 sodium alcoholate solution by the factor 28.4. 

9. The difference between the weight of the total fat and the weight of the fatty 
acids is the weight of the neutral fat. 

Note. In order to facilitate separation of the ether and water it may be desirable 
to put the cylinder in a centrifuge. 
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METHODS FOR CONDUCTING PANCREAS 
FUNCTION TESTS 


Principles. 1. The chief and apparently sole functions of the pancreas are in con- 
nection with digestion and metabolism through its internal and external secretions. The 
internal secretion, insulin, produced by the islands of Langerhans and absorbed directly 
into the blood, plays an important part in the metabolism of carbohydrates. The 
external secretion provides trypsin, rennin, traces of erepsin, amylase, small amounts 
of maltase and lipase for the digestion of proteins, starches and fats respectively. It is 
strongly alkaline in reaction and contains a small amount of coagulable protein as well 
as inorganic constituents, with special reference to sodium carbonate and chlorides. 

2. Examinations for trypsin, amylase and lipase in the duodenal contents are 
usually helpful in the detection of pancreatic disease. 

3, In suspected disease of the pancreas examinations of the feces for trypsin and 
amylase and for excessive amounts of undigested meat fibers are likewise helpful. The 
same is true of examinations for total nitrogen since the presence of 25 per cent or 
more of the nitrogen ingested in foods (azotorrhea) is of frequent occurrence in chronic 
pancreatitis. But of greater clinical value is an examination of the feces for the total 
lipids, since an increase of them (steatorrhea) is usual in achylia pancreatica due to 
chronic pancreatitis, extensive carcinoma of the pancreas and calculus obstruction of 
the ducts. However, a chemical differentiation of the lipids into their various kinds 
(neutral fat, soap fat and fatty acids) is of limited clinical value. 

4. Furthermore, examinations for insulin deficiency are frequently helpful since 
glycosuria, hyperglycemia and diminished sugar tolerance may be found in about 35 
per cent of cases with acute pancreatic lesions due to involvement of the islands of 
Langerhans, although but seldom observed in chronic pancreatic disease. Since the 
starch-splitting enzyme of the blood (amylase) appears to be partly of pancreatic 
origin, the quantitative determination of this enzyme in the blood has proven of value, 
particularly in acute pancreatitis. Indeed, a normal blood amylase is stated to be im- 
portant evidence against the existence of pancreatitis as a cause of acute abdominal 
symptoms, since an increase has not been found in conditions other than pancreatic 
disease. 

5. A quantitative determination of the amylase in the urine is also of value in the 
recognition of acute pancreatitis. The cause of increased blood and urine amylase is 
an open question although it is thought that the inflammatory process may obstruct 
the finer pancreatic ducts which forces the enzyme into the blood. 

6. In this connection it may be also stated that a large proportion of patients with 


acute and subacute pancreatitis show in the urine some substance (believed to be in 
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the nature of a glyco-nucleoprotein) which, upon hydrolysis, yields a pentose capable 
of forming an osazone (Cammidge reaction). However, careful studies reported by 
many investigators have not substantiated the clinical value of the test, although a 
strongly positive reaction may aid in establishing the diagnosis of acute or subacute 
degenerative lesions of the pancreas in the presence of clinical signs and symptoms. 


EXAMINATIONS OF DUODENAL CONTENTS 
Methods for the detection of trypsin, amylase and lipase are given on page 231. 


EXAMINATIONS OF FECES 


Principles. These examinations are for the detection of trypsin and amylase (page 
269), the digestion of muscle cells (especially of their nuclei) and chemical examina- 
tions for fats and nitrogen. 

Schmidt’s Diet Test. 1. At the beginning of the diet give 0.3 gm. of carmine in a 
capsule to mark off the stool. 

2. The diet, which is given for 3 days, is as follows: 


Morning: 500 ml. of milk with 50 gm. of zweibach. 

Forenoon: 500 ml. of porridge (composed of 40 gm. oatmeal, 200 ml. milk, 300 ml. water 
and salt to taste) along with a soft boiled egg. 

Noon: 125 gm. hamburger steak and 20 gm. butter lightly broiled so that the interior 
remains rare, along with potato soup prepared by cooking 190 gm. potato with 100 ml. 
milk and 10 gm. butter, salted to taste. 

Afternoon: Same as morning. 

Evening: Same as forenoon. 


3. The morning after the diet is ended give 15 gm. powdered charcoal along with 
a breakfast consisting entirely of milk. 

4. After beginning the test diet, save the first stool colored red by the carmine. 
Also save all succeeding stools until the first one colored black by the charcoal, which 
is discarded. 

5. Examine all carmine colored stools microscopically for muscle fibers, starch 
granules and neutral fat, as described on page 262. The degree of tryptic digestion is 
ascertained by the appearance of muscle fibers. Striations are clearly visible on any 
considerable number of fibers only when digestion is incomplete. Marked striations 
along with the presence of nuclei indicate pancreatic dysfunction. A deficiency of amyl- 
ase is indicated by the presence of starch granules which are stained blue with iodine. 
A deficiency of lipase is indicated by an excess of neutral fat which is best detected 
by staining with Sudan ITI. 

Schmidt’s Nuclear Test. 1. On the second day of the Schmidt diet, give a 0.5 gm. 
cube of beef or, better, of thymus, tied in a little gauze bag. The meat or thymus must 
previously have been hardened in alcohol and well washed in water. 

2. When the bag appears in the feces it is opened and its contents examined micro- 
scopically by pressing out small bits between a slide and coverglass. A drop of some 
nuclear stain may be applied if desired. 

3. If most of the nuclei are undigested, pancreatic dysfunction may be assumed. 
Normally, the nuclei are digested, provided the time of passage is not less than 8 to 
10 hours. On the other hand, if the time of passage exceeds 30 hours, nuclei may be 
partially digested in the complete absence of pancreatic juice. 
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Beazell, Schmidt and Ivy Diet Test. 1. In this test the patient is placed on a 
standard balanced diet supplying 64 gm. of protein (10.3 gm. of nitrogen) and 112 gm. 
of fat daily for a period of 6 days. Carmine (5 grains) is given with the first meal, 
again with breakfast on the fourth day and finally with the first meal after the standard 
diet has been discontinued. Starting with breakfast on the fourth day, the patient is 
given, with each meal, 8.0 gm. of potent pancreatin in the form of enteric coated tablets. 

2. At the time of the appearance of the first dose of carmine in the stool, collection 
of the total fecal output is started and continued until the last dose of carmine makes 
its appearance. The carmine given on the fourth day serves to separate the control 
period from the enzyme period. 

3. Immediately after passage the feces are transferred to an air tight bottle con- 
taining 5 ml. of toluene and stored in a refrigerator. 

4. Each day the total fecal output for the preceding 24 hours is weighed, thor- 
oughly mixed and sampled for chemical determination. The samples for each period 
(control and enzyme) are pooled and the determinations are carried out on the com- 
posite samples. 

5. The samples for the nitrogen determination are suspended in sulfuric acid as 
recommended by Peters and Van Slyke; samples for the determination of fat are 
preserved in alcohol, which is then used for the initial lipid extraction. 

6. Nitrogen is determined by the Kjeldahl method and fat by a modification of 
Saxson’s method. All determinations are made in duplicate. No information of definite 
diagnostic value is obtained by determining the ratio of undigested fat (neutral fat) 
to digested fat (soaps and fatty acids) as it has been shown that even in the absence 
of pancreatic digestion the ratio may be normal. 

7. Normally the average daily fecal nitrogen varies from 1.5 to 2.3 gm. and the 
lipids from 7 to 10 gm. In a series of four cases of achylia pancreatica Beazell and 
his colleagues found the nitrogen to vary from 4.15 to 13.30 gm. and the lipids from 
44.5 to 94.0 gm. during the control period before the administration of pancreatin. 
During the period in which the enzyme was given, the nitrogen varied from 1.57 to 3.7 
gm. and the lipids from 21.1 to 32.7 gm. In other words, this method reveals the excess 
of both nitrogen and fats in the feces in achylia pancreatica with increased absorption 
of both when enzyme therapy is instituted. 


EXAMINATIONS OF THE BLOOD 


Examinations of the plasma for amylase and lipase are described in Chapter 38. 


EXAMINATIONS OF THE URINE 
A small amount of amylase occurs normally in the urine. In acute pancreatitis and 
in obstruction of the common bile duct there may be a marked increase. In other 
pathologic conditions of the pancreas or liver, it is usually within normal. Tests are 
based upon the digestion of starch as detected by an iodine indicator and are described 
on page 170. 
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METHODS FOR THE EXAMINATION OF 
TRANSUDATES, EXUDATES AND SEMEN 


Principles. 1. The excessive accumulation of fluids in the tissue spaces is known as 
edema while excessive accumulations of noninflammatory fluids in the serous cavities 
are designated as transudates. The mechanism of their production is similar and essen- 
tially due to the fact that instead of there being a perfect balance between the inward 
and outward flow of fluid through capillary membranes, absorption is exceeded by 
transudation. Transudates are termed, according to their location, as hydrothorax 
(pleural), ascites (peritoneal), Aydrocele (scrotal), hydropericardium (pericardial) 
and hydroarthrosis (synovial). 

2. Exudates are essentially pus in varying degrees of dilution or concentration and 
usually differ in many important respects from transudates in physical, chemical and 
cytological properties. But, in some parts of the body and especially in the nose and 
colon, they must be distinguished from the excessive secretion of mucus due to allergy 
or other causes. 

Since exudates are inflammatory in origin, they are usually due to acute or chronic 
infections with pathogenic bacteria or animal parasites. On the other hand, they may 
be caused by irritation or inflammation by sterile substances. Familiar examples are 
the sterile abscesses produced by the subcutaneous or intramuscular injection of sterile 
agents; likewise, the peritoneal exudates produced through irritation by blood, bile, 
pancreatic juice and intestinal obstruction without infection, being similar in origin 
to “aseptic meningitis” produced by intrathecal injections of sterile sera or other sub- 
stances. Furthermore, sterile peritoneal and pleural exudates may be due to trauma 
or to irritation by extension from a nearby infectious process, the latter being similar 
to “meningitis sympathica”’ secondary to mastoiditis or sinusitis. 

3. Semen is neither a transudate nor an exudate but is, for convenience, discussed 
in this piace. Its examination for spermatozoa is important in appraising the male 
partner as a factor in any involuntarily sterile marriage, as well as for determining the 
effectiveness of sterilization by vasectomy; also in certain medicolegal examinations 
where paternity is disclaimed on the basis of male sterility, and in the examination of 
stains involving the charge of rape. 


COLLECTION OF TRANSUDATES AND EXUDATES 


Transudates and some types of exudates are readily obtained from the serous 
cavities for laboratory examinations. If for diagnostic purposes only, from 10 to 30 ml. 
may be obtained by aspiration with a syringe and needle of 16-18 gauge. Otherwise, 


when removed for drainage purposes, larger amounts up to 100 ml. or more should be 
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sent to the laboratory. Since coagulation interferes with some examinations it is ad- 
visable to add 1 mil. of a sterile 2.5 per cent solution of sodium citrate to each 10 ml. 
of effusion submitted. This is particularly necessary when exudates are suspected. 

1. Rigid aseptic precautions are required not only for the protection of the patient 
against accidental infection, but for the prevention of contamination of the fluid, since 
bacteriologic examinations are essential and routinely indicated. Consequently the 
skin should be carefully prepared and all instruments and glassware sterilized. The site 
should be carefully selected and the skin infiltrated with 1 per cent novocaine solution. 

2. To obtain fluid from the pleural cavity (paracentesis thoracis) the patient sits 
upright or has the shoulders elevated on pillows, leaning forward with the arms raised 
and the hands placed on opposite shoulders. The area of greatest dullness is determined. 
The site usually chosen is the fifth or sixth intercostal space in the midaxillary line. The 
sixth to the eighth interspaces below the angle of the scapula are chosen if the fluid is 
small in amount. The puncture should be made close to the upper border of the rib 
to avoid the intercostal blood vessels. Fluid should not be removed too rapidly since 
sudden pulmonary edema or a rapid fall in blood pressure may develop. 

3. In obtaining fluid from the abdominal cavity (paracentesis abdominis) the site 
of puncture is in the midline usually about half-way between the symphysis pubis and 
the umbilicus. The patient should sit up in bed, most conveniently on the edge, with the 
back well supported hy either an assistant or pillows. The bladder should have been 
emptied before making the puncture. When considerable fluid is present and large 
amounts are withdrawn, it is advisable not to allow the fluid to escape too rapidly and 
afterward to adjust an abdominal binder. Great care is required in cases of tuberculous 
peritonitis since the intestine may be adherent to the abdominal wall; indeed, it is 
frequently safer to make a small incision under local anesthesia. 

4. In obtaining fluid from the pericardial cavity (paracentesis pericardii) the 
patient should be placed in the semirecumbent posture. The usual site is the fifth inter- 
costal space below the left nipple, with the needle directed upward, backward and 
toward the sternum. Some prefer the fifth or sixth interspace close to the sternal border 
and others the left costoxiphoid notch close to the ensiform cartilage. In other words, 
the puncture is neither as simple nor as safe as puncture of the pleural and peritoneal 
cavities. If the needle or trocar impinges against the heart, the movements of the 
organ will be imparted to the instrument. It is generally wise to make provisions for 
pericardotomy if there is a question as to the type of effusion present. 

5. Synovial fluid can be readily obtained with little pain or discomfort. A short 
needle should be used and care taken not to traumatize the synovial membrane. 


ROUTINE EXAMINATIONS 


These usually embrace the following for differential diagnosis as no one method of 
examination can be used alone; a combination of procedures is advisable. 

1. Appearance. 

2. Specific gravity, estimated according to the method employed in urine analysis. 

3. Presence or absence of partial or complete coagulation and rapidity of coagu- 
lation. Exudates coagulate more rapidly and completely than transudates. The latter 
may not coagulate at all or show flocculi, whereas some exudates (notably those ob- 
tained from the lungs by bronchoscopic drainage) may coagulate solid or show partial 
coagulation. 
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4. Chemical determinations, especially for quantity of protein. 


5. Exainination of cells (cytodiagnosis). 


6. Bacteriologic examination by smear, culture and animal inoculation (in sus- 


pected tuberculosis). 
7. Complement fixation tests in some instances 
echinococcus disease. 


for tuberculosis, syphilis and 


PHYSICAL EXAMINATIONS 


Transudates. In appearance transudates are usually clear or opalescent and of a 
light straw or yellowish-green color unless blood is present. A deeper color may be 
observed in the presence of jaundice. They do not coagulate unless considerable blood 
is present from accidental puncture of a vein during collection, or from malignant 
tumors. True chylous transudates (pleural or peritoneal) are milky in appearance due 
to the escape of chyle from a ruptured or obstructed thoracic duct (filariasis most com- 
monly) and spontaneous coagulation may occur. Pseudochylous or chyliform transu- 
dates have the same appearance. They may be relatively clear when first removed, the 


turbidity and milky appearance increasing upon cooling 


may occur. 


; some spontaneous coagulation 


TABLE 14. DIFFERENTIAL PROPERTIES OF TRANSUDATES AND EXUDATES. 


Tests Transudates 


Exudates 


Specific gravity | 1.006 to 1.015 (average about 
| 1.013). Tumor transudates, 


| 1.018 to 1.025. 


Over 1.018, with average about 
1.022 


Coagulation Usually absent or slight. 


Usually positive. 


Protein 


Rivalta test usually negative. 
May be positive after concen- 
tration of fluid by absorption. 

Under 3 per cent in quantity. 


Rivalta test usually positive. 
Over 3 per cent in quantity. 


Cytology Endothelial cells and erythro- 
cytes. Small lymphocytes 
sometimes predominate. 

| Tumor cells may be found. 

Eosinophils may be increased 


after repeated tappings. 


Polymorphonuclears in acute in- 
fections. Small lymphocytes 
in chronic infections. Eosino- 
phils in pneumococcus infec- 
tions, after repeated tappings 
and following artificial pneu- 
mothorax. Erythrocytes usu- 
ally present. 


Bacteriology Usually sterile. Staphylococcus 


albus from the skin may oc- 
cur in cultures. 


Smears and cultures usually 
positive for pneumococci, 
streptococci, etc. Tubercle ba- 
cilli in smears and cultures 
and by guinea pig inoculation. 


Complement-fixation | Positive reactions in syphilis. 


Positive reaciions in tuberculo- 
sis and echinococcus disease. 
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2. The specific gravity of transudates is usually less than that of exudates. When 
the former are free of blood, the specific gravity is usually below 1.018. Specific gravity, 
however, is subject to considerable variation according to the amount of protein pres- 
ent, which is dependent upon variations in the permeability of the capillaries in dif- 
ferent parts of the body. Thus, pleural and peritoneal transudates contain more protein 
and consequently show higher specific gravities than spinal fluid with values as low as 
1.005 in the case of subcutaneous transudates or edema fluids (Table 14). 

Exudaies. 1. Exudates vary greatly in appearance according to their origin and 
consistency. When low in cells they are serous, serofibrinous or hemorrhagic in char- 
acter and usually indicative of acute virulent infections. Partial coagulation may occur 
due to the presence of fibrinogen from intense inflammation. When due to infection 
with the saccharolytic anerobic bacilli of gas gangrene, they are apt to be frothy in 
character. When more highly cellular they may be seropurulent or frankly purulent 
and creamy, the latter constituting pure pus. When free of blood they vary in color 
from light yellow to straw but may be greenish or greenish-yellow due to the presence 
of Ps. aeruginosa. 

2. Not infrequently exudates occurring in the serous cavities contain a mucin-like 
substance (seromucin) and those occurring in the stools of amebic dysentery are almost 
entirely composed of a clear, glairy mucus resembling the white of an egg streaked with 
blood. Exudates occurring on free surfaces, however, may be membranous or pseudo- 
membranous in character. 

3. Exudates are usually odorless or of a sweetish odor unless long retained with 
putrefactive changes. Those due to primary or secondary infection with E. coli fre- 
quently possess a characteristic fecal odor. 

4. Since exudates usually contain much more protein and cells than transudates, 
the specific gravity is generally above 1.018 and may be as high as 1.035 (Table 14). 


CHEMICAL EXAMINATIONS 


Transudates. The total protein of transudates is usually lower than that of exu- 
dates and usually less than 2.5 grams per 100 ml. Pleural and peritoneal transudates 
due to congestive heart failure, nephrosis or uncomplicated cirrhosis of the liver may 
show no more than 0.1 to 1.0 gm. per 100 ml. However, if transudates are present 
for some time, water may be reabsorbed more rapidly than solids with the result that 
the protein content is increased and eventually approaches that of an inflammatory 
exudate. Nevertheless, a determination of total protein is usually of value for differen- 
tiating transudates from inflammatory exudates. 

2. Albumin usually constitutes the largest part of the protein present in transu- 
dates because of the smallness and low viscosity of the molecule, permitting its passage 
through capillary walls. Small amounts of the globulins may be likewise present, but 
only rarely appreciable amounts of fibrinogen. Joint fluids, however, usually contain 
larger amounts of protein and, likewise, a substance closely resembling mucin. 

3. The chloride content of transudates is somewhat higher than that of the blood 
plasma, ranging from 720 to 750 mg. per 100 ml. in terms of sodium chloride. The 
difference is due to the existence of a Donnan equilibrium dependent upon the higher 
concentration of protein in the plasma as compared with transudates. 

4. Transudates contain glucose in practically the same concentration as that of 
the blood. The same is true of creatinine, uric acid and particularly urea. The calcium 
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usually ranges from 4.5 to 5.5 mg. per 100 ml. and apparently represents the normal 
diffusible calcium of the serum; it increases with the protein content due to non- 
diffusible calcium in combination with protein. Transudates also contain approximately 
the same amounts of inorganic phosphorus as the blood serum, but somewhat smaller 
amounts of sodium, magnesium and potassium. Bilirubin may be present in the pleural 
and peritoneal transudates of patients with congestive heart failure or cirrhosis of the 
liver without an increase in the blood; of course it is somewhat increased in the pres- 
ence of biliruminemia. As a general rule, determinations of these chemical constituents 
possess little or no clinical value. 

5. Lipids (neutral fat and fatty acids) are not usually present in transudates. A 
small amount of lecithin, however, varying from 20 to 100 mg. per 100 ml., is usually 
present. Since capillaries appear to be permeable to cholesterol to about the same 
extent as to protein, only very smail amounts are present in transudates. This is true 
even in nephrosis, in which the concentration of cholesterol in the blood plasma may 
be enormously increased. 

Of course the milky appearance of chylous transudates is due to the presence of 
chyle which is rich in finely divided fats; these may amount to as much as 0.05 to 
3.85 grams per 100 ml. They cannot be removed by centrifugation but are easily 
removed by extraction with ether. 

The milky appearance of pseudochylous transudates is not due to the presence of 
chyle but chiefly to lecithin and cholesterol with small amounts of highly emulsified 
fats derived from fatty degeneration of the cells in the transudate and those lining the 
pleural or peritoneal cavities. It has also been observed that albumin in a highly dis- 
persed state may impart a milky apperance to such fluids and indeed, relatively large 
amounts of protein may be present, varying from 0.1 to 4.2 yrams per 100 ml. with 
some spontaneous coagulation. These may occur in lipoid nephrosis and in chronic 
glomerulonephritis with nephrosis; also in carcinoma of the peritoneum and in tuber- 
culous pleurisy and peritonitis. 

6. Methods for quantitative estimations of these substances are the same as em- 
ployed in blood chemistry examinations. 

Exudates. 1. In purulent exudates resulting from severe inflammation, as illus- 
trated by empyema, the total protein of the serous portion of the fluid, obtained by 
centrifugation, is generally over 3.0 grams per 100 ml. and may be approximately the 
same as that of the blood plasma (6.4 to 8.0 gm. per 100 ml.). In the case of exudates 
resulting from inflammatory processes of lesser intensity, such as tuberculous pleurisy 
and tuberculous peritonitis, the total protein usually ranges from 0.1 to 0.5 gm. per 
100 ml. This protein is due not only to albumin, but likewise to globulins and even 
fibrinogen, because greatly increased capillary permeability permits the passage of 
these larger molecules. Pneumococcal exudates appear to be particularly rich in fibrino- 
gen, which accounts for the frequency with which they show spontaneous coagulation. 

2. The glucose content, however, is usually much lower than that of transudates, 
due to the destruction or glycolysis of this sugar by the action of bacteria and cells, 
the degree of reduction being dependent somewhat upon the intensity of the inflamma- 
tory process. 

3. The chloride content is likewise usually lower than that of transudates and 
approaches that of blood plasma, with the degree of reduction varying roughly with 
the increase of protein in accordance with the laws governing the concentration of 
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readily diffusible substances on two sides of a semipermeable membrane under such 
circumstances. The chloride content of pleural exudates in pneumococcal pneumonia 
is particularly low because of the low chloride concentration of the blood plasma in 
this disease. 

4. Creatinine, uric acid and particularly urea are present in practically the same 
concentrations as in the blood. Cholesterol is likewise practically always present, par- 
ticularly in exudates of long standing, being probably derived from degenerative 
changes either in the cells present in the exudates or of those lining serous and abscess 
cavities. This is apparently due to the fact that capillaries have about the same per- 
meability for cholesterol as for protein, so that the lipid content of exudates is roughly 
parallel to their protein content. The cholesterol content, however, may decrease 
markedly following repeated tapping, values ranging from 1 to 4.5 gm. per 100 ml. 
falling to 20 to 50 mg. per 100 ml. In some cases, showing large amounts of cholesterol, 
fat is also present and particularly in tuberculous pleural and peritoneal exudates. 

5. The calcium content is generally higher than that of transudates due to a non- 
diffusible fraction, which is probably in combination with protein; the same is likewise 
true of magnesium because of increased protein concentration. 

6. Methods for quantitative estimations of these substances are the same as em- 
ployed in blood chemistry examinations. 

Rivalta Qualitative Test for Protein. 1. Place 150 ml. of distilled water in a 
conical flask. 

2. Add 0.1 ml. of glacial acetic acid. 

3. Mix thoroughly. 

4. Allow 1 or 2 drops of the puncture fluid to fall into this weak acid solution. 

5. A distinct cloud will be observed in the wake of the falling drop if the fluid is 
an exudate. As a rule, if the fluid is a transudate no turbidity will be noticed. The 
reaction is probably due to the large amount of a mucin-like substance called sero- 
mucin, especially likely to occur in exudates. Positive reactions may occur with 
transudates concentrated by absorption, or those developing after tapping, and the 
production of artificial pneumothorax. 

Quantitative Test for Protein. 1. The protein content may be determined by the 
methods employed for the quantitative estimation of protein in urine. 

2. Owing to relatively large amounts of protein likely to be present, it is advisable 
to test the fluid diluted 1:2, 1:5 and 1:10 with saline solution. The measure of pre- 
cipitate is multiplied by the dilution factor. 

3. The results show grams per liter. Divide by 10 to obtain the per cent. 


CYTOLOGIC EXAMINATIONS 


Principles. 1. Transudates are characterized by the fact that they contain but 
few cells in contrast with inflammatory exudates in which they are very numerous. 
Those commonly formed are of mesothelial types comprising large cells, with abundant 
cytoplasm, and containing one, sometimes two, round or oval, palely staining nuclei. 
An occasional lymphocyte may be found, but only a few neutrophils or monocytes. 
A few erythrocytes are also commonly found, due to puncture, but cytologic exami- 
nations are hardly worth while when macroscopic amounts of blood are present, except 
when malignancy is suspected. In carcinoma, mesothelial cells predominate, but are 
accompanied by numerous lymphocytes and erythrocytes. Cancer cells cannot be recog- 
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nized in stained smears of sediment secured by centrifuging a portion of the transudate, 
but the presence of numerous mitotic figures is suggestive. Under these circumstances 
it is advisable to centrifuge large amounts of transudate and to prepare sections of the 
sediment according to the method of Mandelbaum, described many years ago and more 
recently by Papanicolaou. Examination of these by expert histopathologists has proven 
valuable in the diagnosis of malignant tumors involving the pleural and peritoneal 
cavities. Malignant cells or fragments of tissues are found in a little over 50 per cent 
of cases. Carcinoma is more readily detected than sarcoma. Of course negative findings 
do not exclude malignant disease. 

2. The total cells of exudates are always higher than that of transudates. They 
may be counted in noncoagulated fluids by the same technic as employed in counting 
the leukocytes of the blood. In serous exudates the counts may be as low as 200 to 
500 per c.mm. or as high as 4000 to 40,000 or more per c.mm. in the case of sero- 
purulent and purulent exudates. 

3. A differential cell count or cytodiagnosis, however, is of far more clinical value 
and should be included in all routine examinations. These may be made with simple 
smears of exudates or of sediment stained by the method of Gram, or in the same 
manner as blood smears. Supravital methods usually reveal more details of value in 
differentiating the cells present. 

4. Early or moderately advanced exudates due to infection with the pyogenic 
microorganisms, invariably show a great preponderance of neutrophils. They are mostly 
well preserved and many are phagocytic with usually less than 10 per cent mesothelial 
cells. In late exudates the neutrophils likewise predominate, with increased phagocyto- 
sis, but with varying degrees of degeneration of the cytoplasm and nuclei; about 20 
per cent of mesothelial cells are present in varying stages of degeneration and some- 
times difficult to recognize. 

5. In tuberculous exudates (pleural and peritoneal), small lymphocytes greatly 
predominate along with monocytes and a few neutrophils. The latter may be quite 
numerous in the early stages. 

Cytodiagnosis. 1. Centrifuge fresh (important) specimen of the fluid. To prevent 
coagulation, the fluid may be collected in a little sodium citrate solution although cyto- 
diagnosis is better made without the use of anticoagulants. 

2. Pour off supernatant fluid and make thin smears of sediment on slides. It is 
essential to use packed sediment in order to secure sufficient cells in smears. 

3. Dry in the air. 

4. Stain with Wright’s or Giemsa’s stain according to the method of staining blood 
smears. 

5. Count and tabulate at least 100 of the cells. Four types may be present: 
lymphocytes, neutrophils, eosinophils and endothelial cells. Erythrocytes in varying 
numbers are usually present in all fluids. 

(a) Neutrophils predominate in acute infectious processes, especially those due to 
the pyogenic organisms (Fig. 127), and may be found in early acute cases of serous 
tuberculous exudates. 

(6) Lymphocytes predominate in chronic processes, especially those due to tuber- 
culosis and syphilis (Fig. 127). They may also predominate in some chronic non- 
tuberculous pleurisies, chronic transudates, or even tumor transudates. 


(c) Eosinophils may be present, but have no clinical significance except to suggest 
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an allergic origin of the fluid or disease due to an animal parasite. Serous effusions 
caused by pneumococci may contain as high as 10 per cent eosinophils, and, according 
to Foord, a frequent reason for their presence is repeated aspirations when they may 
be as high as 75 per cent. Differential cell counts with smears of nasal secretions for 
eosinophils are helpful in the diagnosis of allergic coryza. 


Fig. 127. Cytology of transudates, exudates and semen. 


1. Excess of neutrophils and macrophages. 2. Excess of lymphocytes. 3. Excess of endothelial cells. 
4, Spermatozoa (a, normal; b, pin head; c, double head, double body; d, double tail; e, double 


nucleus; f, irregular body). 


(d) Endothelial cells (Fig. 127) in large numbers, along with lymphocytes and 
erythrocytes, are usually present in transudates and are largely derived from the endo- 
thelium lining the large serous cavities (pleural, peritoneal, pericardial). They com- 
monly occur in sheets as well as singly. 

(e) The presence of masses of large cells, irregular in size and shape, often vacuo- 
lated, showing prominent nucleoli and sometimes mitotic figures, is highly suggestive 
of malignancy, but definite diagnosis is better made by sections of the imbedded sedi- 
ment, in which fragments of tumor tissue, especially gland acini in adenocarcinomata, 
can be sometimes found. Confusion may result in smear examinations when degen- 
erated forms of large mononucleated cells, either serosal desquamations or cells of 
other types ordinarily designated as macrophages, are seen. 
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Mandelbaum’s Cytodiagnostic Method for Effusions. 1. Place the fluid in a 
large Erlenmeyer flask in the refrigerator for 12 to 18 hours. 

2. Decant the supernatant fluid and transfer the sediment to a 50 ml. centrifuge 
tube which has a tapered bottom. 

3. Centrifuge at moderate speed for 20 minutes. 

4. Decant the supernatant fluid and discard. 

5. Fix the sediment with 10 per cent formalin for 24 hours. 

6. Treat the fixed sediment as a tissue running it through the alcohols and im- 
bedding in paraffin. 

7. Cut thin sections from above downward to include all of the cellular elements, 
which may not lie either at the top or the bottom. 

8. Stain the sections with eosin and hematoxylin or iron hematoxylin. Bits of 
malignant tissue may be definitely demonstrated by this method in a large percentage 
of cases. 

Method for the Histologic Examination of Transudates (Modified after 
Stanley). 1. The fluid should be prepared as soon as possible after removal. In case 
of delay, add an equal volume of 10 per cent formalin to fix the cells. 

2. Thoroughly centrifuge a large amount (250 to 500 ml.) in 50 ml. centrifuge 
tubes. 

3. Wash the sediment from each tube with 10 per cent formalin into a small flat 
bottomed tube (10 ml. homeopathic vial may be used) and centrifuge thoroughly to 
pack the sediment. Allow to stand for 1 or 2 days and decant the formalin. 

4. Add 70 per cent alcohol for 24 hours and centrifuge. Repeat in same manner 
with 95 per cent alcohol. 

5. Add absolute alcohol and place in the paraffin oven at 55° C. for about 3 
hours, changing the alcohol once or twice. 

6. Remove the alcohol and add chloroform. Gently loosen the sediment so that 
it floats. Place in oven for 30 minutes. 

7. Remove chloroform and add paraffin at 55° C. changing every half hour for 2% 
hours. 

8. Allow the last paraffin to harden in the tube in a refrigerator. Then heat the 
tube gently to loosen the paraffin slightly and remove the block (the tube may be 
gently broken if necessary). 

9. Trim, mount on block, section and stain. 


BACTERIOLOGIC EXAMINATIONS 


1. These methods are described in more detail in Chapter 22. 

2. Cultures should be made on blood agar or in hormone broth. Relatively large 
amounts of fluid, like 1 ml., should be employed. 

3. Smears of sediment should be stained by the Gram method and for tubercle 
bacilli. 

4, Prolonged microscopic examination is usually required for the detection of 
tubercle bacilli. 

5. In making cultures and conducting inoculation tests for tubercle bacilli, at 
least several ounces of fluid should be centrifuged and the sediment injected into 
guinea pigs. The injection of 5 ml. amounts of fluid alone may yieid falsely negative 
results. 
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METHODS FOR THE EXAMINATION OF SEMEN 


Principle. The purpose of the examination of semen is to determine whether, 
in cases of sterility, the cause is due to quantitative or qualitative changes in the 
spermatozoa. 

Collection of Semen. 1. A rubber condom is thoroughly washed under running 
water and dried. 

2. After ejaculation the semen is transferred immediately from the condom to a 
clean glass container such as sputum bottle or test tube. This facilitates transporta- 
tion and prevents any deleterious effect of the rubber on spermatozoa, which is par- 
ticularly the case when the condom contains spermicidal substances. The container 
should be tightly closed with a cork stopper and labeled with the name, date and hour 
of emission. 

3. The specimen should be delivered to the examiner as quickly as possible. Pre- 
cautions to keep the sample at 37° C. are unnecessary and may even prove harmful 
if patients, told to keep the specimen warm in a thermos bottle, do not measure the 
exact temperature. Furthermore, motility lasts longer at lower temperature, allowing 
more time for transportation. 

Macroscopic Examination. 1. Measure the volume of semen in a small graduated 
cylinder. The amount varies from a few drops to 10 ml. There is quite a variation in 
amount in different samples from one donor, depending on the period of continence 
preceding the examination. The average lies between 3 and 4 ml. Samples amounting 
to less than 1.5 ml. are considered below normal, though sterility could not be ascribed 
to this fact alone unless other deficiencies are recognized in the same specimen. 

2. Note the viscosity of the sample. Freshly ejaculated semen acquires a high 
degree of viscosity but self-liquefaction takes place and should be completed after 
30 minutes. The absence of liquefaction may inhibit the movement of spermatozoa 
thereby interfering with fertilization. 

3. The determination of the pH is of little value. It is always found to be on 
the alkaline side with a range from 7.2 to 8.9, the average being 7.8. Abnormalities 
never are accompanied by a fall below 7.2. 

Motility of Spermatozoa. 1. Place a drop of semen on a slide and cover with 
a coverglass or prepare a hanging drop. Examine with low and high dry objectives. 
The following should be noted: 


Azoospermia: absence of spermatozoa (this should be confirmed after centrifugation of 


specimen ). 

Oligozoospermia: only a few motile spermatozoa found. 

Necrozoospermia: spermatozoa are present but immobile. 

Observe also the presence of cells other than spermatozoa, i.e. testicular cells, epithelial 
cells, leukocytes or pus and erythrocytes. The presence of crystals should also be noted. 


2. If motile spermatozoa are found, note roughly the proportion of motile to 
immobile cells. For this determination the following technic is recommended: a disk 
of black paper is fitted in the eyepiece of the microscope after cutting a small slit 
or square in the middle. This limits the field of vision and thus simplifies the counting 
of the spermatozoa and decreases errors introduced by the constant change of the 
sperm population in the field. Immobile spermatozoa are counted after the motile ones. 

3. Ten to 15 per cent of immobile spermatozoa are encountered in fertile samples. 
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If the motility is very low, repeat the examination after heating the sample to 37° Cc. 
This frequently restores motility. 

4. A differentiation between “locomotoric” and “stationary” or other grades of 
motility is without great value since spermatozoa are known to stick to interfaces 
such as the surface of the drop or the coverglass, or they may attach themselves 
to formed elements such as cells. Furthermore, the viscosity of the sample may influ- 
ence the motility. There is considerable individual variation in the ability of sperma- 
tozoa from different specimens to remain motile, which depends partly on the 
temperature at which the sample is kept. At 37° C. all spermatozoa usually are 
immobilized after 8 hours while at 4° C. a number of motile cells may be encountered 
after as many as 4 days or more. To determine the viability of a specimen it is, 
therefore, advantageous to keep it at 4° C. and to determine the motility in samples 
taken after 6, 12 and 24 hours. 

Counting of Spermatozoa. The number of spermatozoa in a sample of semen are 
counted in the same manner as described for leukocytes except for the diluent. 

1. Mix the specimen thoroughly by very gently shaking or stirring with a glass 
rod. 

2. Using a leukocyte counting pipet, draw the semen up to the 0.5 mark and the 
diluent to the mark 11. The diluent may be a 0.5 per cent solution of chlorazene or 
the following: 


3. Shake for 3 minutes and place a drop on the hemacytometer counting chamber. 
Count the number of spermatozoa in 2 sq. mm. and add 5 zeros to obtain the number 
per ml. 

4. The normal semen contains an average of 100 to 150 million spermatozoa per 
ml. The lower the count below 60 million the less likelihood of fertility. However, no 
diagnosis of sterility is justified unless other abnormalities are found in the sample. 

Method for Staining Seminal Smears. The method of Isenberg (Am. J. Clin. 
Path., 1948, 18:94) is as follows: 

1. Shake one part of semen with one part of 5 per cent solution of sodium bi- 
carbonate for at least 5 minutes, and centrifuge for 2 or 3 minutes at 2000 to 3000 
r.p.m. 

2. Pour off the supernatant fluid, add normal saline solution to the original 
volume, mix well and centrifuge again. Pour off the supernatant fluid and repeat this 
procedure. 

3. Pour off the supernatant fluid and add a few drops of saline solution to the 
sediment; mix thoroughly. 

4. Prepare a smear with a loop and dry at room temperature or preferably in an 
incubator at 37° C. 

5. Fix the smear by passing through a bunsen or alcohol flame for 2 or 3 seconds. 

6. Flush the slide with 95 per cent ethyl alcohol, drain and dry. 

7. Dilute Ziehl-Neelson’s carbolfuchsin with an equal part of 95 per cent alcohol 
and stain for 3 minutes, 
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8. Wash with water and stain with a 1:3 aqueous dilution of Loeffler’s methylene 
blue for 2 minutes. 

9. Rinse in running water for at least 1 minute and allow to dry without blotting. 

10. The spermatozoal head-caps are stained light blue, the nuclear posterior por- 
tions of the heads a dark blue, and the bodies and tails a light red or pink, depending 
on the length of staining. Important morphologic changes including aberrations of the 
acrosomes and bodies are easily recognized. 

11. Make a differential count of from 100 to 200 spermatozoa and record the 
percentages of normal and abnormal heads and other abnormal forms. Normal heads 
are uniformly oval with good demarcations between the lightly stained foreparts and 
the deeply stained posterior portions. 

Morphologic Examination for Immature and Abnormal Spermatozoa. The 
purpose of this examination is to discover abnormal forms of spermatozoa and to 
estimate their proportion to normal cells. Cellular constituents other than spermatozoa 
should be noted. Stained smears are employed. 

1. Count the number of spermatozoa in a microscopic field without regard to their 
morphology. 

2. The same field is searched for immature forms of spermatozoa. The different 
stages of development may be encountered in pathologic semen but are rare in fertile 
specimens. 

3. Examine 100 to 500 spermatozoa for abnormalities (Fig. 127) referable to the 
heads (which may be too small or too large, pointed or with ragged edges, show an 
atypical distribution of chromatin, the presence of acidophil vacuoles or double heads) ; 
the middle pieces (which may be absent, bifurcated or swollen) and the tails (which 
may be double, curled, rudimentary or absent). 

4. Semen containing up to 20 per cent abnormal spermatozoa is still considered 
fertile. The higher the percentage of abnormal cells above this arbitrary value, the 
more doubtful the fertility. 

5. Finally, examine for cells other than spermatozoa, i.e. epithelial cells, leukocytes 
or pus and erythrocytes. Also crystals may be found in abundance. However, the age 
of the sample has to be considered since numerous crystals may be formed in normal 
semen upon standing. 

Biometric Evaluation of Spermatozoa. This study has the objective of measuring 
the length of the head of a large number of spermatozoa for the establishment of a 
distribution curve. While in fertile cases this curve shows the high peak and small base 
of a “normal” distribution curve it takes on an irregular and flatter shape with broader 
base when infertile cases are examined. It is this irregularity or flatness of the distri- 
bution curve which is significant, and not the average head length in the individual 
sampies. This may vary in fertile samples between 3.8 and 5.4 microns. The method 
is as follows: 

1. A stained seminal smear is prepared according to the method described. 

2. The side is focused under oil immersion. The magnification should reach at 
least 1500. The microscope should be fitted with a mechanical stage. 

3. An inclined mirror is fixed to the eyepiece of the microscope to project the image 
onto a screen consisting of a revolving plate of 10-inch diameter. The screen is covered 
with white graph paper in millimeter scale (added enlargement 3000 X total). 

4. The individual spermatozoon is measured by turning the screen in such a way 
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that one of the lines of the graph paper parallels the axis of the cell. The length of the 
head can be read off directly from the paper. 

5. Three hundred cells are measured in such a way and after grouping of the heads 
showing approximately equal length, the distribution curve is plotted, or the coefficient 
of variation is calculated. The coefficient of variation will be greater in infertile samples 
than in fertile samples. 

Detection of Semen on Materials for Medicolegal Purposes. In medicolegal 
cases seminal stains on materials such as clothing or linen may be identified by 
demonstrating the presence of spermatozoa, or by microchemical reactions such as the 
Florence test. Hektoen and Rukstinat have reported upon the use of a precipitation 
test using material from such stains as antigen. They showed also that the blood group 
of the donor might be determined. 

DEMONSTRATION OF SPERMATOZOA. 1. A small piece of the soiled material, not more 
than % inch in diameter, is placed on a clean slide. It is moistened with a few drops of 
saline solution and the surface scraped off with a scalpel. The few drops of fluid are 
then spread over the slide and, after drying, the film is stained according to the method 
described. 

2. Examine the slide for the presence of spermatozoa and note any abnormal 
forms; these may be helpful in identifying a sample since the semen from a given 
individual may present characteristic abnormalities. 

MicrocHEMICAL MretTHop (FLORENCE TEST). In cases where an azoospermia is 
present, no spermatozoa can be obtained from suspected stains, but a positive micro- 
chemical test will be a strong suggestion that the stain in question is of seminal origin. 

1. Soften the material with water and place upon a slide. 

2. Add a few drops of reagent: 


Todine ac. Sep. sceue h ee R NCR eea ra ee eer 2.54 gm. 
Potassiuimpiodides west ea ee eae re ee 1.65 gm 
Distilled wateres Awe ee sat eek) cermin ie we eee 30.0 ml 


3. Examine at once with the medium power of the microscope. 

4. If the suspected material is semen, dark brown crystals will be found in the form 
of rhombic platelets which resemble hemin crystals, or of needles, often in clusters. 

5. These crystals are not absolute proof of the presence of semen as some other 
substances give the same reaction among which are crushed insects and extracts of 
various internal organs. The reaction will occur even though the semen is several 
years old. 

SEROLOGIC TEstTs. Seminal stains may also be detected by complement fixation 
(Chapter 33) and precipitin (Chapter 34) tests. 
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METHODS FOR THE EXAMINATION OF 
CEREBROSPINAL FLUID 


Principles. 1. The cerebrospinal fluid is normally produced by the highly vascular 
cnoroid plexus in the ventricles of the brain by a process of filtration from the blood 
plasma through a selectively permeable membrane. But since, under normal conditions, 
the hydrostatic pressure of the capillary blood is believed to be greater than that of 
cerebrospinal fluid, it is evident that ultrafiltration alone does not account for its 
formation and that it may be, at least in part, a secretion of the cells of the choroid 
plexes. The perivascular spaces and the ependymal cells of the ventricles and the spinal 
canal may also participate to some degree in its production but there is no evidence 
of any secretory activity of the arachnoid villi. 

2. In acute and chronic congestion of the meninges the volume of cerebrospinal 
fluid is increased, not only by increased permeability of the choroid plexus, but from 
increased transudation of plasma through the capillaries. Likewise, in acute and chronic 
meningitis it is increased by the production of inflammatory exudates. 

3. Filtration by the choroid plexus and the meninges is highly selective. The 
chemical constitution of normal cerebrospinal fluid is essentially that of Locke’s solu- 
tion plus small amounts of glucose and plasma proteins. However, chlorides, mag- 
nesium, sodium and carbon dioxide of the plasma pass very freely. 

Albumin, globulins, urea, creatinine, amino acids, uric acid, lactic acid, glucose, 
acetone, lipase, amylase, and such inorganic substances as calcium, potassium, phos- 
phates, sulfates and iron pass to same extent due to partial permeability. However, 
when some of these are greatly increased in the plasma, increased amounts are com- 
monly found in the cerebrospinal fluid, especially glucose, urea and chlorides. 

On the other hand, bilirubin, fibrinogen, complement, natural antibodies (anti- 
toxins, agglutinins and opsonins) and cholesterol do not pass at all or but in minute 
amounts. Even when these are greatly increased in the plasma only traces, or none at 
all, occur in the cerebrospinal fluid providing the choroid plexus and meninges are 
not involved. 

Insofar as foreign substances are concerned, only alcohol passes freely although 
chloroform, urethane and hexamethylenamine pass to a considerable extent. Arsenic, 
lead, mercury, bromides, iodides, salicylates, strychnine, the sulfonamides and toxins 
do not pass at all or but in very minute amounts. In the absence of meningitis, peni- 
cillin and other antibiotic compounds do not pass at all unless very large doses are 
parenterally administered. But permeability is commonly increased to some extent in 
acute and chronic meningitis and especially through a breakdown in the barrier of the 
choroid plexus. Thus, in neurosyphilis, the pentavalent arsenical compounds, bismuth 
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and penicillin may pass to a considerable extent as well as some of the sulfonamides 
in acute meningitis with special reference to sulfanilamide. Naturally this has an im- 
portant bearing upon the treatment of acute and chronic infections of the central 
nervous system. 


COLLECTION 


Cerebrospinal fluid is usually collected by spinal puncture. Cisternal puncture is 
advocated by some because of its technical ease and greater freedom from pain and 
puncture headache, but is not recommended except in cases of subarachnoid block due 
to purulent exudates or other causes. 

Indications and Contraindications. Aside from the use of spinal puncture and 
drainage for therapeutic purposes, examinations of the cerebrospinal fluid are indicated 
as indispensable aids in establishing etiological diagnosis not only in all cases of 
known or suspected acute and chronic meningitis due to infection, but in the diagnosis 
of so-called “serous meningitis” or ‘‘meningismus” and aseptic meningitis as well. 
Also in all cases of chronic syphilis for the detection of asymptomatic or symptomatic 
infection of the central nervous system as well as in relation to the treatment of the 
disease. Indeed no case of syphilis can be regarded as cured unless at least one exami- 
nation of the cerebrospinal fluid has shown a normal pressure, normal total cells and 
negative protein, serologic and colloidal gold reactions. 

Spinal fluid examinations are also indicated as aids in the diagnosis of cerebral 
edema, multiple sclerosis, acute anterior poliomyelitis, lethargic and other types of 
encephalitis, tumors and abscesses of the brain, tumors of the spine or spinal cord, 
cerebral hemorrhage, hemorrhage due to trauma and in cases of coma of unknown 
etiology. 

Many authors list a considerable number of contraindications to spinal puncture 
with special reference to cerebral hemorrhage and tumors in the posterior fossa. But 
the danger of increasing hemorrhage by reducing spinal fluid pressure is so slight, 
when the minimal amount of fluid is slowly withdrawn, that the operation is seldom 
contraindicated. The same is true in all cases of increased intracranial pressure with 
papilledema, providing the fluid is removed very slowly, with a careful watch for 
respiratory distress which may be due to herniation of the medulla or cerebellum in 
the foramen magnum. For this reason a spinal or cisternal puncture should not be 
done at all or only with extraordinary precautions in suspected tumors of the posterior 
fossa of the skull. 

It is sometimes stated that spinal puncture should not be done in the presence 
of septicemia because of the danger of favoring the localization of microorganisms 
from the blood in the meninges. Experimental and clinical investigations, however, 
have not shown this to occur unless, possibly, when some substance is injected at the 
same time capable of producing an aseptic meningitis with a breakdown of the barrier 
of the choroid plexus. The same is true in suspected localized meningitis providing 
only small amounts of fluid are slowly removed. 

Accidents have happened in connection with spinal puncture due to injury of the 
cord, infection, or other causes, but clinical experience has amply proven that, when 
properly conducted, the operation is so safe that it should never be omitted when 
examinations of cerebrospinal fluid are required for diagnostic or, its drainage, for 
therapeutic purposes. It is true that spinal puncture headache may follow in a small 
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percentage of cases, even under the best of conditions and especially in ambulatory 
cases, but the information to be gained usually far outweighs the temporary incapacity 
and discomfort with no after effects at all. 

Technic. 1. Spinal puncture for the collection of cerebrospinal fluid may be con- 
ducted in an office or laboratory, but is better done in a hospital or the home of the 
patient, since it is advisable for the patient to rest in bed for at least 18 hours imme- 
diately after the puncture as a safeguard against spinal puncture headache. 

2. The needle should not be too large, in order to reduce pain to a minimum and 
to inflict the minimum of damage to the meninges. Gauge No. 19 is about right, unless 
acute suppurative meningitis is suspected, in which case No. 15 may be used if a 
purulent and thick fluid is present. The needle should be sterilized just before use and 
should be perfectly straight and sharp with a short bevel. Crooked, rusty, dull and 
unnecessarily large needles are the usual causes of failure and the infliction of un- 
necessary pain. 

3. The sitting posture may be used in the puncture of ambulatory adults, as shown 
in Figure 128, but the reclining posture with the patient lying on his right side 
(Fig. 129) is recommended, especially if the spinal fluid pressure is to be taken. The 
latter is required in the case of children and sick adults. 


Fig. 128. Spinal puncture in the sitting posture. 
(From Kolmer in Keen’s Surgery. Courtesy of W. B. Saunders Company.) 


4. The skin should be carefully disinfected with tincture of iodine followed by 
alcohol. The hands of the operator should be likewise carefully cleansed and the use 
of sterile rubber gloves is recommended. The operative field should be protected with 
sterile sheets and towels. 

5. With adults the puncture can usually be made without an anesthetic. The skin 
may be infiltrated with sterile 1 per cent novocaine or butyn solution (Fig. 130). 
Struggling children and adults may require a few drops of cholorform as it is danger- 
ous to conduct the puncture under such conditions since the needle may be broken. 
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Fig. 129. Spinal puncture in the prone position with the back well arched and perpendicular to the table. 
(From Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) 


6. Puncture is best conducted between the fourth and fifth or between the third 
and fourth lumbar vertebrae. 

7. The “soft spot” between the spinous processes is located and the needle genily 
and slowly passed in the middle line. The distance varies according to the age and 
weight. A peculiar “give-way” sensation to the needle denotes entrance into the sub- 
arachnoid space, or during its passage the stylet may be removed from time to time 
to determine whether or not it has entered sufficiently as shown by flow of fluid. 

8. If pure blood is obtained, the needle should be withdrawn and cleansed or the 
puncture repeated with a fresh needle. 

9. If there is no flow of fluid the needle may be gently turned or slightly with- 
drawn or entered a little further. ““Dry taps” are usually due to the fact that the needle 
has not entered the subarachnoid space. 
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Fig. 130. Producing local anesthesia. 


(From Kolmer in Keen’s Surgery. Courtesy of W. B, Saunders Company.) 
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10. The pressure (if to be taken) should be taken before the escape of fluid 
(Figsi3)): 

11. Fluid should be collected in two sterile tubes, one of which (No. 2) may 
contain a trace of powdered potassium oxalate to prevent coagulation. From 3 to 5 ml. 
may be collected in No. 1 to be used for culture and serologic tests even if it is 
slightly blood-tinged. A similar amount may be collected in No. 2 to be used for the 
total and differential cell counts, protein and sugar determinations and the colloidal 
tests (gold, mastic or benzoin). This fluid should be free of blood. 


Fig. 131. Measuring spinal fluid pressure with a mercury manometer. 
(From Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) 


12. The needle is now quickly withdrawn, the iodine removed from the skin and 
the puncture sealed with flexible collodion or with an aseptic dressing. The patient 
should rest on the back for at least half an hour or, preferably, stay in bed for at least 
18 hours to reduce the chances of developing spinal puncture headache, which is 
believed to be due to the continued leakage of spinal fluid into the epidural space 
(hence the advisability of using as small a needle as possible and of reaching the fluid 


at the first puncture). 


ORDER OF ROUTINE EXAMINATIONS 


When Suppurative Meningitis Is Known or Suspected. 1. Record physical 


characteristics (color, transparency, coagula and sediments). 
2. Then make a culture before any chances of contamination occur. Inoculate 


media (blood agar or glucose hormone broth) with at least 0.5 and preferably 1 ml. 
3. Shake well and do total cell count. 
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4. Centrifuge and prepare smears of sediment for cytologic examination; stain 
smears by Gram method for meningococcus, streptococcus, pneumococcus, H. influ- 
enzae or other organisms. Stain smears for tubercle bacilli if tuberculous meningitis is 
suspected (also smears of coagula), prepare cultures and inoculate guinea pigs. 

5. With supernatant fluid conduct tests for protein, sugar and chlorides (if re- 
quested). 

6. Report the findings at this point. 

7. Follow with a report on the cultural findings. A colloidal gold test may be 
conducted but is not necessary. Serologic tests are not required. 

When Syphilis Is Known or Suspected. 1. Record physical appearance. 

2. Make an accurate total cell count as soon as possible. A differential is not 
ordinarily required. 

3. Conduct a qualitative test for protein (Pandy preferred). 

4. Conduct the Kolmer complement fixation or flocculation tests. 

5. Conduct colloidal gold (preferred), mastic, or benzoin tests. 

6. Bacteriologic examinations are not required. 

When Acute Poliomyelitis or Encephalitis Are Known or Suspected. 1. Record 
physical appearance. 

Z. Make accurate total cell count as soon as possible. 

3. Centrifuge thoroughly and make cytological examination of sediment. 

4. Test supernatant fluid for protein and sugar. 

5. Bacteriological and serological tests are not ordinarily required. 


AMOUNT AND PRESSURE 


Considerable information of diagnostic value is to be gained at the bedside by 
manometric determinations of the pressure of the fluid. 

Amount. The total amount of cerebrospinal fluid has been variously estimated 
but satisfactory data in relation to age and body weight are not available. For the 
adult, it is thought to vary from 100 to 150 ml. which corresponds roughly to about 
1 ml. per pound of weight. Under the circumstances the withdrawal of 5 to 10 ml. for 
diagnostic purposes is harmless, especially since it is replaced rapidly. 

Pressure. 1. The pressure of the cerebrospinal fluid under normal conditions has 
been stated to vary from 60 to 200 mm. of water or from 0 to 8 mm. of mercury when 
the individual is in the recumbent position and perfectly quiet. The average is com- 
monly placed at 100 to 200 mm. of water. Pressures between 200 to 250 mm. are sus- 
piciously increased and definitely abnormal over 250 mm. It is not possible to define 
the limits of abnormally low pressure except to state that 90 mm. or less may be so 
regarded. There are no differences in relation to sex and apparently no great variations 
in relation to age; it is to be noted, however, that pressure readings in infants and 
young children are notoriously unreliable because complete physical and emotional 
relaxation are most difficult to attain. The fluid usually flows from the needle at the 
rate of about 1 drop per second but calculations made on this basis are notoriously 
inaccurate. The pressure is almost doubled in the sitting position and averages about 
200 mm. of water. Crying, coughing, sneezing, excitement, emotional states and general 
anesthetics raise the pressure, presumably by increasing the size of the capillary bed in 
the brain and meninges. Recent investigations have indicated a reciprocal relationship 
between blood and spinal fluid volumes with an “elastic” factor which takes into 
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consideration a component depending on the ease of vascular adjustments as well as 
the distensibility and collapsibility of the meningeal sac. 

2. As a general rule it is advisable to measure the pressure before the withdrawal 
of fluid; again after the withdrawal of 5 ml. with a final reading after the withdrawal 
of 10 ml. Normally the pressure falls 30 to 50 mm. of water. A drop of less than 20 mm. 
is suggestive of a large reservoir, as in hydrocephalus or “serous meningitis,” while 
an excessive drop is suggestive of a small reservoir, as in loculation of the fluid below 
a cord tumor. 

3. The intravenous injection of large amounts of isotonic solutions causes a tem- 
porary rise in pressure; oral administration may have the same effect. The intravenous 
injection of a hypertonic solution, as a 30 per cent solution of sodium chloride, produces 
a reduction in pressure persisting for long periods; this has been found to facilitate 
operations on the brain by causing its shrinkage and thereby preventing extension 
through trephine openings. 

The Ayala Quotient. This is determined by taking the initial pressure, withdraw- 
ing 10 ml. of fluid, and taking the final pressure expressed as follows: 


10 ml. X final pressure 
initial pressure 
reservoir as in hydrocephalus or “‘serous meningitis” while values below 5 indicate a small 

reservoir. 


. Normal values are 5.5 to 6.5. A value of 7 or over indicates a large 


Queckenstedt Test. It has long been known that constriction of the neck increases 
spinal fluid pressure providing there is no block of the subarachnoid space. However, 
Queckenstedt first analyzed the significance of jugular compression in causing increased 
intracranial pressure which may be detected immediately by an increase of spinal fluid 
pressure. This test should always be done whenever complete or partial subarachnoid 
block or lateral sinus thrombosis is suspected. In complete subarachnoid block the 
normal rise in pressure after compression of the jugular veins fails to occur; in partial 
block it is delayed and partial. In thrombosis of a lateral sinus compression of the 
jugular on the affected side causes no rise in pressure, while compression of the un- 
affected side alone gives the same rise as one would expect from compression of both 
jugular veins. 


PHYSICAL EXAMINATIONS 


Appearance. The normal cerebrospinal fluid is transparent, colorless and of crystal- 
line clarity with a specific gravity of 1.006 to 1.008 and a freezing point of —0.551° 
to —0.558° C. 

As previously stated, it is advisable to collect the fluid in 2 test tubes as the first 
flow may contain a small amount of blood from the puncture which renders the fluid 
hazy or cloudy. Otherwise, the normal fluid has the appearance of distilled water. The 
physician should always inspect it very carefully at the bedside and preferably against 
a dark background. If the presence of blood may be excluded, any departure from 
perfect clarity is to be regarded as abnormal. On the other hand, however, perfectly 
clear fluids may be pathologic, as is almost invariably true in syphilis and of frequent 
occurrence in tuberculous meningitis, poliomyelitis, lymphocytic choriomeningitis and 
encephalitis. 

When distinctly hazy or of a ground-glass appearance, the total cell count is in- 
creased to at least 300 to 700 leukocytes per c.mm. (pleocytosis) and if meningitis is 
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suspected clinically, the physician is justified in immediately instituting treatment on 
this basis until further diagnostic data are supplied by the laboratory. Higher total 
cell counts, along with the presence of bacteria, render fluids faintly turbid, markedly 
turbid or frankly purulent. 

Coagula and Sediments. Normal spinal fluid does not form coagula, pellicles or 
sediments upon standing. Under abnormal conditions, however, coagula and pellicles 
may form due to the presence of fibrinogen, although their absence does not exclude 
the possibility of fluids being otherwise pathologic. The time required for their 
formation varies in different diseases. Thus, in suppurative meningitis, a coagulum may 
form in a very short time while in tuberculous meningitis 12 to 24 hours may be 
required. 

Coagula may occur as numerous small flocculi without pellicles as in syphilitic 
fluids, as “cobweb” or “pine-tree” coagula with pellicles suspended from the surface 
of the fluid as in tuberculous meningitis, or as heavy coagula with sediments sinking to 
the bottom of the test tube as seen in acute purulent meningitis. The presence of small 
amounts of fresh blood intimately mixed with the fluid does not produce coagulation. 
Under the conditions, if blood is absent, coagulation is always abnormal. 

Color; Syndrome of Froin. 1. Normal spinal fluid is colorless. In acute purulent 
meningitis it may be grayish, as in pneumococcal and streptococcal meningitis, or 
yellowish-green, as in meningococcal meningitis. 

2. The most characteristic color change is that designated as xanthochromia (yel- 
low) which may be due to the presence of various pigments. For example, a frequent 
cause is the presence of altered hemoglobin (hemorrhagic xanthochromia) from hemor- 
rhage or the diapedesis of erythrocytes in severe tuberculous or suppurative meningitis 
or brain abscess. It may also occur from venous stasis with transudation in cerebral 
tumors and especially tumors or other lesions producing compression of the spinal 
subarachnoid space. On the other hand, xanthochromia may be due to the presence of 
bile pigment in jaundice, carotinemia, or the administration of such drugs as neutral 
acriflavin. 

3. A frequent cause is hemorrhage into the ventricles or subarachnoid space of 
the brain or spinal cord. When occurring without coagulation, it is suggestive of sub- 
dural hemorrhage. Under these conditions xanthochromia usually develops within 4 to 
8 hours and increases in intensity while the number of erythrocytes decreases during 
the ensuing 4 to 8 days. It then decreases, unless there is a recurrence of bleeding, 
and usually disappears by the third week. On the other hand, the fluid may show a 
reddish color under these conditions due to spontaneous hemolysis. The xanthochromia 
of the newborn is ascribed to the presence of blood, especially after birth injuries. 
Needless to state, the color is best detected after the fluid has been centrifuged. Fresh 
blood from a very recent hemorrhage or the accidental puncture of a vein, does not 
impart any color to the supernatant fluid, except at times, a slight reddish tinge from 
hemolysis. 

4, The most pronounced examples of xanthochromia are observed in cerebrospinal 
fluids removed from below space-constricting lesions of the spinal subarachnoid space 
and especially tumors of the spine or spinal cord. Under these circumstances the fluid 
is usually a clear yellow color with a great excess of protein and fibrinogen producing 
almost immediate coagulation which is commonly des‘gnated as “xanthochromia with 
massive coagulation” or the syndrome of Froin. Originally thought to be pathogno- 
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monic of spinal tumors, the syndrome is now known to be produced by any lesion 
compressing the spinal subarachnoid space with stagnation of the fluid and passive 
congestion as adhesions or localized pachymeningitis. 

5. Various observers have found the benzidine occult blood test of value in differ- 
entiating between the xanthochromia of the syndrome of Froin and that due to 
hemorrhage. In the former it is stated to give a negative reaction with the yellow color 
ascribed to venous stasis and transudation. In the latter it is stated to be positive due 
to hemorrhage or inflammatory diapedesis of erythrocytes, for which the term 
“erythrochromia” has been proposed. 

Blood. In securing cerebrospinal fluid, a vein is sometimes punctured with the 
collection of pure blood and no fluid at all. It undergoes coagulation with the separation 
of serum in the usual manner. 

However, blood evenly mixed with spinal fluid does not coagulate or but incom- 
pletely. This may occur when the lumen of the needle is partly in a vein and partly in 
the subarachnoid space. But if the physician believes that the needle is solely in the 
latter, the presence of blood indicates a recent hemorrhage communicating with the 
ventricles or the subarachnoid space of the brain or spinal cord. The absence of blood, 
however, does not exclude cerebral hemorrhage. Erythrocytes may be present in the 
cerebrospinal fluids of apparently healthy newborn infants as well as in those with 
birth injuries. 

Reaction. The reaction of the normal cerebrospinal fluid is alkaline with a pH 
of 7.35 to 7.40 when determined immediately after collection. As shown by Levinson, 
it tends to become slightly more alkaline upon standing, due to the loss of CO.. The 
alkaline reserve, as measured by the CO. combining power, is also practically identical 
with that of blood plasma (55 to 75 volumes per cent). 

The pH of the fluid is usually within normal in tuberculous meningitis but in the 
suppurative meningitides it is sometimes less alkaline (pH 7.2 to 7.5), the increase 
in acidity being due, in all probability, to an increase of lactic or other organic acids. 
Upon standing, the acidity shows much less tendency to decrease than in the case of 
normal fluids (Levinson). This is perhaps due either to an increased rate of glycolysis 
by bacteria, or to increased production of CO, by the cells present in the fluid, bal- 
ancing the loss of CO, which occurs upon standing exposed to air. These changes, 
however, are of minor degree so that a determination of the pH of cerebrospinal 


fluids possesses little or no diagnostic value. 


TOTAL.CELL COUNT 


Principles. 1. Whenever possible, the total cell count should be made immedi- 
ately after the collection of fluid while the cells are in suspension and before coagula 
have formed. If there is no excess of fibrinogen, so that coagulation does not occur, 
counts made some hours later or next day are fairly accurate, providing the fluid is 
well shaken to secure an even resuspension of cells. By collecting fluid in a tube carry- 
ing a minute amount of potassium oxalate, as described earlier, coagulation is prevented 
and counts made hours later compare quite closely with those made immediately after 
collection. 

2. Needless to state, the counts must be made accurately when the total cells are 
but slightly increased, as in the case of clear or but faintly hazy fluids. When distinctly 
turbid or purulent, the counts are so high that slight errors make no difference from 
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the diagnostic standpoint. When a slight or moderate increase of cells is of diagnostic 
importance, as in tuberculous meningitis, meningisms (serous meningitis), syphilis of 
the central nervous system or poliomyelitis, accuracy is of paramount importance. 

3. Spinal fluids containing visible amounts of blood are unsuited for total cell 
counts because of the presence of leukocytes resulting in counts that are too high. Even 
traces of blood too small for macroscopic detection increase the total cells, which may 
result in diagnostic errors in diseases in which an increase of total cells is ordinarily 
between 20 to 100 per c.mm. 

4. The total cells of normal cerebrospinal fluid obtained by lumbar or cisternal 
puncture vary from 0 to 8 per c.mm. in terms of undiluted fluid. In children the upper 
limit of normal is about 10 per c.mm. They are composed of small lymphocytes and 
for this reason are commonly regarded as hematogenous in 
origin. Slight differences, however, have been observed with 
fluids obtained from other loci; ventricular fluids, for example, 
may contain fewer cells than lumbar fluids. 

5. An increase of cells is designated as pleocytosis. Under 
acceptable technical conditions a total cell count in adults of 
9 to 12 per c.mm. is regarded as borderline, 13 to 30 repre- 
sents a slight increase, 31 to 100 a moderate increase, 200 to 
500 a marked increase, while 1000 or more represents a very 


Fig. 132. Fuchs-Rosenthal marked increase. 
ruling. Procedure. 1. The Levy counting chamber with the Fuchs- 
(Courtesy of Arthur Rosenthal ruling (Fig. 132) is recommended. With the cover- 
Eueeneras COMPANY Ais | olassvon it hasta depth of 0.2 millimeter with a capacity of a 
trifle more than 3 c.mm. 
2. Draw diluting fluid to the mark 1 in the Thoma or Trenner leukocyte-counting 
pipets; draw spinal fluid to the mark 11. 


DILuTING FLuID 
Crystal violet 
Glacialzacetiovacid' "(= eeine ane een oe ere eee 10.0 ml. 
Water (distilled) ...... 
Filter. Should be crystal clear and free of artefacts. 


3. Shake well as in leukocyte counting and discard 2 or 3 drops. 

4. Fill the Fuchs-Rosenthal chamber as in leukocyte counting and wait 5 minutes 
for the cells to settle. 

5. Count all of the cells (erythrocytes are hemolyzed) in the entire ruled-off area 
and multiply by 0.35 or divide by 3.0 to give the number of cells per cubic millimeter. 
The error incident to these calculations is practically balanced by the opposite error 
due to dilution. 

6. If the Fuchs-Rosenthal chamber is not available, the ordinary leukocyte count- 
ing chamber may be used. In this case count the cells in the entire ruled-off area; divide 
by 9 and multiply by 11, or divide by 8 and multiply by 10. Both calculations com- 
pensate for the dilution factor and give the total cells per cubic millimeter of fluid. 


DIFFERENTIAL CELL COUNTING AND CYTODIAGNOSIS 


Principles. 1. A differential count is frequently of clinical value and known as 
cytodiagnosis. When fluids contain less than 300 cells per c.mm. they are, however, 
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scarcely worthwhile because, aside from the difficulty of securing sufficient sediment 
for making the examination, experience has shown that under these conditions the cells 
are essentially small lymphocytes. 

2. With higher total cell counts, however, differential counts are usually of addi- 
tional clinical value. An excess of neutrophilic leukocytes (pus cells) is indicative of 
the acute purulent meningitides including aseptic meningitis. Endothelial cells from 
the meninges may be likewise present in meningisms or “serous meningitis” and are 
frequently classified as large lymphocytes. Elaborate classifications of the cells have 
been proposed, based upon sections of the fixed and hardened sediments, but possess 
no clinical value since differentiation into lymphocytes, neutrophils and endothelial 
cells serve all useful purposes. Tumor cells, however, are sometimes recognized by 
expert histopathologists, especially in cases of medulloblastoma. 

Procedure. 1. Centrifuge a fresh specimen of fluid. Pour off supernatant fluid and 
make thin smears of sediment on slides; or tease out coagula on slides. Dry in air. 

2. Stain with Wright’s stain in the same manner as blood smears. 

3. Count and tabulate cells (lymphocytes, neutrophils and endothelial cells) and 
determine the number of each variety per 100 cells (see Fig. 127). 

4. Normally, only lymphocytes and occasional endothelial cells are found. In acute 
suppurative meningitis due to the pneumococcus, meningococcus or streptococcus, 
neutrophils predominate in the acute stage. In tuberculous meningitis, small lympho- 
cytes predominate (usually). In acute anterior poliomyelitis, neutrophils early; later 
small lymphocytes (usually). In syphilis (paresis or tabes), small lymphocytes pre- 
dominate. In meningisms (serous meningitis or acute meningeal congestion), endo- 
thelial cells predominate. 


CHEMICAL EXAMINATIONS 


A great deal of investigation has been devoted to the chemical changes of cerebro- 
spinal fluid in relation to disease but, in general terms, only those referable to protein, 
glucose and chloride in terms of sodium chloride, have been found of sufficient diag- 
nostic value to be included in routine examinations. The normal values of these and 
other chemical constituents are summarized in Table 15. 


QUALITATIVE TESTS FOR PROTEIN 


Principles. 1. The protein content of the normal cerebrospinal fluid obtained by 
lumbar puncture is lower than that of any other normal body fluid with the exception 
of the aqueous humor of the eye, which it closely resembles in chemical composition, 
varying from 15 to 45 mg. (average 30 mg.) per 100 ml. Cisternal and ventricular 
fluids usually contain from 10 to 35 mg. per 100 ml. There is as yet no agreement 
concerning the type of protein present but it is apparently made up largely of albumin 
(23 mg. per 100 ml.), which is the most diffusible of the plasma proteins, with about 
5 mg. of globulin per 100 ml., giving a ratio of about 6:1. 

2. A large number of tests have been devised for the detection of an increase of 
protein in spinal fluid. Most of these have been for the detection of the globulins, but 
practically all react to some extent to serum albumin. Some were originally considered 
specific for syphilis of the central nervous system but none are pathognomonic for 
syphilis or any other disease; they merely detect an increase of protein which is always 
pathologic unless the positive reactions are due to blood in the cerebrospinal fluid. 
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3, None of these tests, therefore, are applicable to cerebrospinal fluids containing 
macroscopic amounts of blood. Heavy bacterial contamination may likewise vield 
falsely positive reactions. 

Pandy’s Test. 1. Prepare the reagent by placing 10 gm. of phenol crystals in a 
bottle and adding 100 ml. of distilled water (approximately a 10 per cent solution). 
Shake vigorously and place in incubator for several days. Carefully pipet off super- 
natant fluid or use it direct from the bottle without disturbing the layer of undissolved 
phenol. 

2. Place 1 ml. of the reagent in a small test tube. Add 1 drop of spinal fluid. 

3. If there is an increased amount of protein, a bluish-white cloud is formed imme- 
diately. By this test normal spinal fluids often show a very faint trace of protein which 
should not be mistaken for a positive reaction. For this reason Binkley and Johnson 
(Am.J.Syph.,Gonor.&Ven.Dis., 1947, 31:657) recommend using a 5 per cent solution 
of phenol in conducting the test. 


TABLE 15. CHEMICAL CONSTITUTION OF NORMAL CEREBROSPINAL FLUID. 


Constituent Normal per 100 ml. Constituent Normal per 100 ml. 


Amino-acids : 3. 2 Nitrogen, 2 to 6 mg. 
residual 


Calcium : 5.5 mg. Phosphate 1.5 to 3.5 mg. (children) 
(inorganic) 1.25 to 2.0 mg. (adults) 


Chloride 720 to 760 mg. as NaCl] Potassium 8.5 to 11.5 mg. 


Cholesterol 0 to 0.22 mg. Protein 15 to 45 mg. (av. 30) 


Creatinine 0.45 to 1.5 mg. Sodium 300 to 343 mg. 


Glucose 40 to 70 mg. (adults) || Urea 5 to 38 mg. 
70 to 90 mg. (children) 


Magnesium 1.0 to 3.6 mg. Urea nitrogen 6 to 15 mg. 


Nitrogen, 12.5 to 30 mg. Uric acid 0.4 to 2.8 mg. 
Total nonprotein 


Ross-Jones’ Test. 1. Place 2 ml. of saturated ammonium sulfate reagent in a test 
tube. 

The reagent is prepared by placing 85 grams of Merck’s purified and neutral 
ammonium sulfate and 100 ml. of distilled water in an Erlenmeyer flask; heat to 
boiling until all of the salt is dissolved. Cool slowly and filter. 

2. Overlay with 1 ml. of the fluid to be tested. 

3. The appearance of a turbid ring at the point of contact—in a few seconds— 
indicates a positive reaction. Normally a ring may appear within 5 minutes to 3 hours. 

Nonne-Apelt Test. In a small test tube place equal quantities of spinal fluid 
and ammonium sulfate reagent (just described). Mix and allow to stand for 3 minutes. 
Compare with spinal fluid. A normal fluid gives no reection or but a faint opalescence. 
If an excess of protein is present, a cloudy precipitate will form. 
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Tryptophane Test for Tuberculous Meningitis. 1. This simple test is said to be 
a diagnostic aid. 

2. Place 2 or 3 ml. of spinal fluid in a large test tube. 

3. Add 15 to 18 ml. of concentrated hydrochloric acid and 2 or 3 drops of 2 per cent 
solution of formalin (1 ml. of formalin and 19 ml. distilled water). 

4. Shake the tube and allow to stand for from 4 to 5 minutes. 

5. Carefully overlay with 2 ml. of 0.6 per cent solution of sodium nitrite. 

6. Allow to stand for 2 or 3 minutes. 

7. In tuberculous meningitis a violet ring develops at the line of contact (positive 
reaction). A negative reaction is shown by a brown ring, or by the absence of a colored 
ring. 

Levinson Test for Tuberculous Meningitis. This test is based upon the principle 
that a characteristic ratio may be obtained between the alkaloidal precipitate formed 
by sulfosalicylic acid and the metallic precipitate formed by mercuric chloride in tuber- 
culous meningitis. While positive reactions are indicative of this infection, they are not 
specific. 

1. Into each of two small test tubes of uniform length and width place 1 ml. of 
cerebrospinal fluid. 

2. To one add 1 ml. of a 3 per cent solution of sulfosalicylic acid (C.P.) in water 
and to the second 1 ml. of a 1 per cent solution of mercuric chloride (C.P.) in water. 

3. Shake the tubes, stopper and allow to stand at room temperature for 24 hours 
when the height of the sediments are measured in millimeters. 

4. Under normal conditions the sediment in both tubes is very slight. In all suppura- 
tive meningitides, the amount of the sediment in the sulfosalicylic acid tube is very 
large, often being three times the size of the sediment occurring with mercuric chloride. 
In tuberculous meningitis (rarely in other conditions) the opposite occurs, the precipi- 
tate with mercuric chloride being usually three times larger than that obtained with 
sulfosalicylic acid. 

5. The two precipitates are of a different character; that of the acid is heavy and 
compact and starts to form immediately, while that of the chloride is light, feathery, 
and forms slowly. Sometimes the precipitates do not come down into compact sedi- 
ments as small floccules may adhere to the walls of the test tubes. Under these con- 
- ditions it is advisable to gently shake the tubes 2 or 3 hours before making the final 
readings. For diagnostic purposes it is not the amount of protein thrown down in the 
two precipitates, but the relative height of the sediments in millimeters in the two tubes. 

6. If no precipitate forms, use a 2 per cent mercuric chloride solution and a 6 per 


cent sulfosalicylic acid solution. 


QUANTITATIVE TESTS FOR PROTEIN 

Principles. 1. Turbidimetric methods are satisfactory and widely employed. Sulfo- 
salicylic acid is generally used as the precipitating agent. 

2. The protein in normal cerebrospinal fluid is composed of about 80 per cent 
albumin. In pathologic states with an increase of protein, the high normal albumin- 
globulin ratio is reduced. 

3. Changes in the albumin-globulin ratio influence the total protein when sulfo- 
salicylic acid is employed. When trichloroacetic acid is used for precipitation, however, 
the total protein is not influenced by changes in the albumin-globulin ratio. 
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Method of Harding and Harris. This method (Ven. Dis. Inform., 1949, 30:325) 
employs trichloroacetic acid. 

1. If the cerebrospinal fluid is turbid, centrifuge thoroughly and use the clear 
supernatant fluid. 

2. Place 2.5 ml. of fluid in a test tube (13 & 100 mm.). 

3. Add 2.5 ml. of 10 per cent solution of trichloroacetic acid and gently invert 
twice for mixing. Do not shake as foaming must be avoided. 

4, Place the tube in a water bath at 37° C. for 10 minutes. 

5. Transfer to a photoelectric colorimeter tube and place in the instrument with a 
light filter that transmits light at about 420 uw. The usual zero adjustment of the 
instrument is made using a tube of distilled water as a blank. 

6. Convert per cent transmission values to mg. per cent total protein by reference 
to a calibration chart prepared of six standards containing 10, 20, 30, 40, 50 and 60 mg. 
of protein per 100 ml. These are prepared by the addition of the correct amount of 
0.9 per cent sodium chloride solution to a Seitz-filtered sample of human serum of 
known protein content determined by a micro-Kjeldahl nitrogen determination. To 
2.5 ml. of each standard add 2.5 ml. of 10 per cent solution of trichloroacetic acid. 
It is advisable to run a few of the standard solutions along with the tests as checks on 
the colorimeter and reagent. 

7. If the cerebrospinal fluid contains more than 50 mg. of protein per 100 ml., it is 
advisable to dilute with saline solution and retest, because best results are obtained 
in a range of total protein up to 50 mg. per 100 ml. 

Method of Kingsbury, Clark, Williams and Post. The technic of this method 
(J. Lab. & Clin. Med., 1926, 11:981) is the same as for the quantitative determination 
of albumin in the urine described on page 142. 

1. Place 1 ml. of spinal fluid in a test tube of the same size as the standards. 

2. Add 3 ml. of 3 per cent solution of sulfosalicylic acid reagent and mix well. 

3. Allow to stand for 5 minutes and compare the degree of turbidity with that of 
the permanent standard tubes. A Clark lamp (Fig. 133) aids the reading. 

4. The normal total protein by this method is usually about 30 mg. per 100 ml. 


Fig. 133. The Clark lamp. 


(From Todd and Sanford, Clinical Diagnosis by Laboratory Methods. Courtesy of W. B. 
Saunders Company.) 
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Method of Johnston and Gibson. This method (Am. J. Clin. Path., Technical 
Suppl., 1938, 8:22) is conducted as follows: 1. Place 2 ml. of spinal fluid in a 
15 ml. centrifuge tube. Add 3 ml. of distilled water and 1 ml. of 20 per cent solution 
of trichloroacetic acid. 

2. Mix by inversion, wait a few minutes, and centrifuge. 

3. Pour off and discard the supernatant fluid. 

4. Add 0.25 ml. of a 10 per cent solution of sodium hydroxide to the precipitate 
and heat in a boiling water bath for 10 minutes. 

5. Add 3.75 ml. of distilled water, 0.5 ml. of color reagent (Folin-Ciocalteu) and 
1.5 ml. of a saturated solution of sodium carbonate. The reagent is prepared as follows: 
(a) In a liter flask place 150 gm. sodium tungstate (reagent grade), 12.5 gm. sodium 
molybdate and 350 ml. distilled water. (5) When completely dissolved add 25 ml. 
reagent phosphoric acid (85 per cent) and 50 ml. concentrated hydrochloric acid. 
(c) Attach the flask to a reflux condenser by a stopper covered with tin foil and boil 
gently for 10 hours. (d) Add 75 gm. lithium sulfate, 25 ml. distilled water and 1 or 2 
drops of bromine (to reoxidize the slightly reduced agent) and again heat without the 
reflux condenser. (€) Cool and dilute to 500 ml. with distilled water. (f) Filter if 
necessary and keep tightly stoppered in the dark. 

6. Mix by inversion, allow 10 minutes for color to develop and compare with the 
nearest standard in the colorimeter with the standard set at 10 mm. 

7. Three standards should be prepared as follows: 0.5 standard: to 0.5 ml. of 
standard tyrosine solution (20 mg. dissolved in 100 ml. of N/10 hydrochloric acid) 
add 7.5 ml. of distilled water, 1 ml. of Folin-Ciocalteu color reagent and 3 ml. of a 


: ; 285 
saturated solution of sodium carbonate. With this standard R TMs. per cent of 
protein. 
1.0 standard: 1 ml. of the standard tyrosine solution, dilute to 8 ml. and treat as 


5 ; 
the above. With this standard “a —= mg. per cent of protein. 
2.0 standard: 2 ml. of the standard tyrosine solution, dilute to 8 ml. and treat as 


above. With this standard > = mg. per cent of protein. 

8. Since merthiolate as low as 1:5000 concentration intensifies the blue color pro- 
duced by tyrosine in this method, this preservative should not be added to the cerebro- 
spinal fluid. 

VDRL Method. This method (J. Ven. Dis. Inform., 1950, 31:159) is conducted 
as follows: 1. Select for testing only those cerebrospinal fluids which are without visible 
turbidity due to bacterial contamination, presence of cells, or other cause. 

2. Centrifuge fluids to sediment chance particles invisible to the eye, and decant 
supernatant carefully for use in the test. 

3. Use optically matched test tubes, 19 mm. & 150 mm., for initial adjustment 
of instrument and for testing. Periodically inspect matched tubes for scratches which 
will change light transmission; check individual tubes in the spectrophotometer when 
in doubt. 

4. Place test tubes, specimens, and reagents in clear water in a 37° C. bath to 
equalize them at that temperature. Bottles of reagent may have to be held in the bath 
for as long as 1 hour prior to testing, depending upon the volume in each container. 
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5. Into a test tube, pipet 0.5 ml. of clear specimen, 1.5 ml. of 10 per cent trichloro- 
acetic acid, and 7.0 ml. of Methocel. Mix by inversion and allow to stand in a 37° C. 
bath for at least 30 minutes. Remove tubes from bath and allow water to drain from 
outer surfaces. Just before reading, wipe surface of each tube with clean lintless tissue 
or soft cloth. 

6. With wave length of 420 w (filter PC*), adjust spectrophotometer (Coleman 
Universal, model 11) to reading of 100 per cent transmission with tube containing 
mixture of 0.5 ml. of distilled water, 1.5 ml. of 10 per cent trichloroacetic acid, and 
7.0 ml. of Methocel. 

7. With spectrophotometer thus adjusted, read percentage transmission of light 
for each specimen under test. 

8. Refer to previously prepared calibration chart to convert percentage transmission 
to milligrams protein per 100 ml. This calibration chart is prepared by measurements 
of light transmission through serum protein dilutions of known Kjeldahl-controlled 
concentrations over the range of 20 mg. to 200 mg. per 100 ml. after treatment by the 
method just described. 


QUALITATIME TEST. FOR CUUCOSE 


Principles. 1. It is now generally agreed that the glucose of the cerebrospinal fluid 
is derived from that of the blood. Consequently, it varies not only (a) according to the 
blood sugar concentration, but also according to (0) the permeability of the choroid 
plexus and possibly of the capillaries surrounded by prolongations of the subarachnoid 
space, as well as to (c) the rate of glycolysis in the fluid. Furthermore, it is possible 
that the cells of the choroid plexus may utilize some of the sugar. 

2. Determinations of cerebrospinal fluid sugar are best made with fluid collected 
after a period of fasting, preferably over night, with a blood sugar estimation at the 
same time. 

3. In view of the variable factors concerned in cerebrospinal fluid glucose the 
normal cannot be stated accurately, but is generally regarded as varying from 40 to 
70 mg. per 100 ml. in adults. In children up to 10 years of age the normal has been 
found somewhat higher, varying from 70 to 90 mg. per 100 ml. It is higher in ventricu- 
lar fluid than in spinal fluid; in the cisternal fluid it is between the two. Cerebrospinal 
fluid also contains non-glucose reducing substances which disappear on hydrolysis, 
amounting to about 4.0 mg. per 100 ml. or about 10 per cent of the total. The ratio 
of glucose in fluid to blood glucose likewise cannot be accurately stated but, in normal 
individuals, under fasting conditions, the cerebrospinal fluid glucose concentration is 
thought to be approximately 60 to 70 per cent of the blood glucose value. 

4. If the fluid contains an increase of protein and an absence of sugar, the color 
of the reagent may be changed to a deep purplish-violet or pinkish-violet (the biuret 
reaction with copper). 

5. Since blood sugar will give positive reactions, spinal fluids containing macro- 
scopic amounts of blood are unfit for testing. 

6. An increase of cerebrospinal fluid glucose is designated as hyperglycorachia and 
a decrease as hypoglycorachia. 

Procedure. 1. In a test tube place 0.5 ml. of Benedict’s qualitative reagent and 
add 4.5 ml. of distilled water. 

2. Add 0.5 ml. of cerebrospinal fluid. 
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3. Boil for 1 to 2 minutes and allow to cool. 

4. A change of color to turbid greenish-yellow is a normal reaction for the normal 
sugar of spinal fluid. No color change shows an absence of sugar and is pathological. 
An excess of protein may give a biuret reaction as has been mentioned. 


QUANTITATIVE TESTS FOR GLUCOSE 
Folin-Wu Test. This test is conducted according to the method of Folin and Wu 
for blood glucose as follows: 
1. Dilute 2 ml. of cerebrospinal fluid with 8 ml. of distilled water and use in place 
of the protein-free filtrate. 
2. Since 2 ml. of the cerebrospinal fluid represents 0.4 ml. of undiluted fluid, calcu- 
late as follows with D representing the number of milligrams of glucose in the standard: 


reading of the standard 


: x D X 250 = mg. of glucose in 100 ml. of cerebrospinal fluid. 
reading of the unknown 

Lyttle and Hearn Test. The reagents required are the same as those used in the 
Folin-Wu method for the precipitation of blood proteins and determination of blood 
glucose. 

1. Four volumes of spinal fluid are added to 14 volumes of distilled water and to 
this mixture 1 volume of 10 per cent sodium tungstate is added, followed by 1 volume 
of N/1.5 sulfuric acid. Shake, allow to stand for 10 minutes and filter. The glucose 
determination is carried out on 2 ml. of this filtrate in exactly the same manner as in 
determining blood glucose. 

2. Where the lower standard has been used, the reading of the standard, usually 
20 mm., multiplied by 50 and divided by the reading of the unknown, equals milligrams 
of glucose per 100 ml. of spinal fluid. When the higher standard is used, substitute 
100 for the 50 above. 


QUANTITATIVE TEST FOR CHLORIDES 


Principles. 1. The chlorides of the cerebrospinal fluid are expressed in terms of 
sodium chloride. The normal varies from 720 to 760 mg. per 100 ml., being the same 
for lumbar, cisternal and ventricular fluids. Values in infants and children exhibit 
slightly more variation, ranging from 625 to 720 mg. per 100 ml. Normal cerebrospinal 
fluid, therefore, contains more chloride than the normal blood plasma (570 to 620 mg. 
per 100 ml.) from which it is derived through the free permeability of the choroid 
plexus. 

2. In the absence of meningitis the chloride of the fluid naturally varies to some 
extent with that of the plasma. For example, it may be increased in some cases of 
nephritis with hyperchloremia while decreased in states of hypochloremia, as occurs 
in lobar pneumonia and pyloric obstruction. Consequently, the plasma chloride con- 
centration must be considered in interpreting reduced amounts of chloride in the 
cerebrospinal fluid, particularly in acute infections, such as pneumonia, in which the 
development of symptoms of meningism may arouse a suspicion of meningitis. 

3. The chloride estimation is valuable in diagnosis when considered in conjunction 
with the quantity of glucose present. Chloride values below 600 milligrams are infre- 
quent except in tuberculous meningitis, while values between 630 and 680 milligrams 
per 100 ml. are commonly found in acute purulent meningitis. 
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4. Since the presence of blood in spinal fluid may alter the chloride content, 
quantitative determinations cannot be done on fluids containing macroscopic amounts 
of blood. 

5. Qualitative tests are of no clinical value. 

Procedure. Same as for the quantitative estimation of plasma chlorides; 1 ml. of 
spinal fluid is diluted with 9 ml. of distilled water for the determination. 


LANGE COLLOIDAL GOED. TEST 


Principles. 1. Normal cerebrospinal fluid does not visibly precipitate gold in 
colloidal suspension in properly prepared Lange’s reagent. 

2. In syphilis of the central nervous system Precipitation may occur, varying from 
a slight precipitation indicated by a change of color from orange-red to reddish-blue 
to purple-blue to pale blue to complete decolorization. By means of these color changes, 
curves of precipitation may be plotted which have a great deal of diagnostic value. 
Less characteristic precipitations (color changes) occur in tuberculous and acute 
suppurative meningitis and may also occur in acute anterior poliomyelitis and other 
diseases of the central nervous system. 

3. The exact chemical and immunological nature of the precipitating substance in 
spinal fluid is unknown. However, it can be stated that the curves of precipitation are 
in relation to the albumin-globulin ratio and, to a lesser degree, to the stability of the 
colloidal gold particles. 

4. While the test is simple and easily conducted, the reagent must be of the proper 
color and neither too sensitive nor too resistant (protected), in order to prevent falsely 
positive and falsely negative reactions. 

Preparation of Reagent. In preparing the reagent the glassware must be chemi- 
cally clean and rinsed with distilled water before using. Pyrex glass is not essential 
except in the flask used for boiling. Quicker heating without wire gauze may thus be 
attained and is important. It is also better to store the completed reagent in Pyrex 
but this is not absolutely necessary. 

Borowskaja’s Method. 1. Add 1 ml. of a 1 per cent solution of gold chloride 
(Merck’s “Blue Label”) in freshly distilled water to 95 ml. of freshly distilled water. 

2. Heat to 90° C. (preferably on an electric hot plate) and add 5 ml. of 1 per cent 
solution of sodium citrate (Merck’s “Blue Label”) in freshly distilled water; boil the 
solution for 1 to 3 minutes and allow to cool. At high altitudes where water boils at 
95° C., boiling for 5 to 6 minutes may be required to bring about the proper color 
change. 

Fredenburgh (Am. J. Clin. Path., 1950, 19:86) has modified this method to provide 
a means for maintaining a stock preserving solution prepared as follows: (a) To 
1000 ml. of distilled water add 15 ml. of 4 per cent solution sodium citrate in distilled 
water and 10 ml. of a solution prepared by diluting 1 ml. of formalin with 100 ml. 
distilled water; (6) heat 100 ml. of this stock solution to 100° C. and add 1 ml. of 
1 per cent solution of gold chloride (Merck’s “Blue Label’”’) in distilled water; (c) boil 
for 3 minutes without shaking and allow to cool before using. 

3. By whatever method of preparation, the reagent should be crystal clear and of 
a brilliant salmon or orange-red color with no trace of blue. 

4. Furthermore, it must not be too sensitive (acid) or insufficiently sensitive (alka- 
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line). For these reasons it should be allowed to stand at least 2 hours after preparation 
and then should be tested with a known positive spinal fluid (paretic preferred) and a 
known negative or normal fluid. The former should give a typical Zone I or paretic 
curve like 5554321000 and the latter a negative reaction, like O000000000 or 
1000000000; 5 ml. of the reagent must be capable of being completely decolorized in 
1 hour when 1.7 ml. of a 1 per cent solution of sodium chloride has been added. 

5. Since some laboratories may have difficulty in maintaining supplies of positive 
and negative spinal fluids for checking the sensitivity of the reagent, attempts have 
been made to find suitable substitutes. For this purpose Cannefax (J. Ven. Dis. Inform., 
1949, 30:169) has described a method consisting of the concentration of syphilitic 
serum to one-third volume by fanning, followed by precipitation and the removal of 
lipids with a mixture of absolute ethanol and absolute diethyl ether. Following removal 
of the residual ether, the dry ether-free precipitate is reconstituted to the original 
volume of serum and 5 mJ. quantities placed in ampules followed by freezing and 
desiccation by the cryochem process. For use as a positive control serum in serologic 
tests, the contents of a vial are dissolved in 5 ml. of 0.9 per cent solution of sodium 
chloride in distilled water. In testing colloidal gold reagent, 1 part of this stock serum 
is diluted with 7 parts of saline solution. A suitable reagent should show a Zone I or 
paretic curve of precipitation. 

Procedure. 1. Place 11 chemically clean test tubes in a rack. 

2. Into the first tube place 1.8 ml. of 0.4 per cent sodium chloride solution and 
1 ml. in each of the remaining 10 tubes. 

3. Add 0.2 ml. of spinal fluid to the first tube and thoroughly mix. 

4. Remove | ml. from the first tube and place in the second tube; mix thoroughly 
and remove | ml. and place in the third tube; continue until the tenth tube is reached 
and then discard 1 ml. from this tube. The eleventh tube is used as a control. 

5. Add to each tube 5 ml. of colloidal gold reagent. 

6. Mix thoroughly and set aside for 24 hours, at the end of which time the readings 
are made. 

7. Each tube is examined and the reaction recorded, using the numbers 0 to 5 
as follows: 


0 = unchanged as compared with the control 
1 = reddish-blue 

2 = lilac or purple 

3 = blue 

4 = almost colorless (trace of blue) 

5 = colorless 


8. The readings are recorded in the order in which the tubes stand (Fig. 134). 
For example: 
5, 5, 5, 5, 4, 3, 1, 0, 0, O=curve in the paretic zone (Zone I) 
(Plate XIV) 
1, 1, 2, 3, 2, 1, 0, 0, 0, O= curve in the luetic zone (Zone II) 


(Plate XV) 
_ 0 =curve in the meningitic zone 
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Dilutions of Spinal Fluid 


Color Reactions 


Complete decolorization 


Pale blue 


Blue 


Lilac or purple 


Red-blue 


No change 


Fig. 134. The four common types of colloidal gold reactions. 
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The chart shown in Figure 135 is recommended for reporting the results of the 
colloidal gold and other spinal fluid examinations. 

9. The method of Boerner and Lukens is equally satisfactory and more economical 
of cerebrospinal fluid and reagent: 

(a) Place 0.9 ml. of 0.4 per cent sodium chloride solution in the first tube and 
0.5 ml. in each of the remaining 10 tubes. 

(6) Add 0.1 ml. of spinal fluid to the first tube. Mix and transfer 0.5 ml. to the 
second tube. 

(c) Mix and transfer 0.5 ml. to the third tube, and so on to the next to the last 
tube, from which 0.5 ml. is discarded after mixing. 

(d) Add 2.5 ml. of reagent to all tubes and complete the test as described previ- 
ously. The readings are made in the same manner. 


CUTTING'S COLLOIDAL MASTIC TEST 


Principles. 1. This test depends upon the precipitation of mastic in colloidal 
suspension as determined by a clarification of the reagent and the production of 
precipitates. 

2. It is highly probable that the mechanism of the reaction is the same as that 
of the colloidal gold reaction. 

3. The reagent is much simpler and easier to prepare, although the reactions are 
less sensitive than the colloidal gold reaction. 

4. The reaction, while less sensitive, is also less subject to technical errors. 

Preparation of Reagents. 1. A stock solution of mastic is prepared by completely 
dissolving 10 grams of U.S.P. gum mastic in 100 ml. of absolute alcohol. Filter. 
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Colloidal gold reaction (paretic or zone | curve). 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 
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PLATE XV 


The colloidal gold test with the cerebrospinal fluid of tabes dorsalis, showing a “luetic zone" reaction 


(Oh25:5 2 20070 OF 
(From Kolmer, in Frazier, Surgery of the Brain and Spinal Cord. Courtesy of D. Appleton- 


Century Company.) 
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2. For use dilute 2 ml. with 18 ml. of absolute alcohol, mix well, and pour rapidly 
into 80 ml. of freshly distilled water. 

3. Prepare a 1.25 per cent solution of C.P. sodium chloride in distilled water, and 
to each 99 ml. add 1 ml. of a 0.5 per cent solution of potassium carbonate in distilled 
water (alkaline-saline solution). 

Procedure. 1. Arrange 6 small test tubes in rack. 

2. Place 1.5 ml. of alkaline-saline solution in the first tube and 1 ml. in each of 
the remaining 5 tubes. 

3. Add 0.5 ml. of spinal fluid to the first tube, mix thoroughly and transfer 1 ml. 
to the second tube. 

4. Transfer 1 ml. from the second tube to the third and so on until the fifth tube, 
from which 1 ml. is discarded. The sixth tube is used as a control. 

5. To each tube add 1 ml. of mastic reagent, mix well and allow to remain at room 
temperature for 12 to 24 hours; or in the incubator for 6 to 12 hours, 

6. A positive reaction is indicated by the formation of a heavy precipitate which 
settles, leaving a clear supernatant fluid (Fig. 136). 
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Fig. 136. Colloidal mastic reactions. 


(From Todd and Sanford, Clinical Diagnosis by Laboratory Methods. Courtesy of W. B. 
Saunders Company.) 


COLLOIDAL BENZOIN TEST 


This test, devised by Guillain, Laroche and Lechelle, is similar in many respects 
to the mastic test. It is not specific for neurosyphilis, but gives practically the same 
results as the colloidal mastic test. 

Preparation of Reagents. 1. BENzoIN SOLUTION. Sumatra benzoin resin, 1 gram; 
absolute alcohol, 10 ml. After 48 hours filter off the clear supernatant fluid. Keep in a 
tightly stoppered bottle. This is a stock solution from which the colloidal solution 
which is used in the test is freshly prepared each day as follows: 

Add 0.3 ml. of the stock benzoin solution, drop by drop with constant shaking, to 
20 ml. of doubly distilled water. Heat to 35° C. in a water bath with constant shaking. 

2. SALT SOLUTION. Prepare 0.01 per cent sodium chloride in doubly distilled water. 

Procedure. 1. Set up in a rack 16 small test tubes (75 by 10 millimeters, or 85 
by 13 millimeters). 

2. In the first tube place 0.25 ml. of salt solution; in the second tube, 0.5 ml.; in 
the third, 1.5 ml., and in each of the remaining tubes 1 ml. 
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3. Next add cerebrospinal fluid: 0.75 ml. to the first tube; 0.5 ml. to the second 
and third tubes. From the third tube 1 ml. of the thoroughly mixed dilution of spinal 
fluid is transferred to the fourth tube, and so on, until the fifteenth tube is reached 
from which, after mixing, 1 ml. is discarded. The sixteenth tube is used for control. 
The dilutions thus range from 3:4 in the first tube to 1:16,384 in the fifteenth tube. 

4. Finally, add 1 ml. of the benzoin suspension to each tube and mix by shaking. 
The tubes are allowed to stand for from 18 to 24 hours. 

5. The reaction will vary from no change in the mixture to complete precipitation 
of the benzoin, with absolute clearing of the supernatant fluid. The degree of reaction 
in each tube is reported: 0, no precipitation; 1, slight precipitation, with partial clear- 
ing; 2, more than half precipitated, fluid still cloudy; 3, complete precipitation, water- 
clear fluid. A curve may be plotted, or the figures representing the degree of reaction 
may be set down for each tube. Precipitation in the first 6 tubes indicates cerebral 
involvement, the first, or paretic zone; precipitation beginning with the seventh tube 
indicates involvement of the meninges, or spinal cord, the second, or meningeal zone. 
The test is not as sensitive as in the Lange colloidal gold method, and is not as definite 
in its reaction in multiple sclerosis. 


BACTERIOLOGIC AND SEROLOGIC EXAMINATIONS 


The bacteriologic examination of cerebrospinal fluid is described in Chapter 21. 
Complement fixation and flocculation tests for syphilis are described in Chapters 
33 and 34. 


CEREBROSPINAL FLUID IN DISEASE 


Table 16 briefly summarizes the more important changes in those diseases in which 
cerebrospinal fluid examinations have proved of value in diagnosis. 


16 


METHODS FOR THE EXAMINATION OF THE 
BLOOD AND URINE FOR HORMONES 


Principles. 1. Hormones are chemical substances secreted by the ductless glands. 
These substances, when carried to other glands and tissues of the body by the blood, 
stimulate or inhibit their functional activities. They are known as hormones, a name 
derived from the Greek word meaning to excite, because they are predominantly excita- 
tory in nature. The ductless glands are nine in number comprising the pituitary, pineal, 
thyroid, parathyroids, thymus, the islands of Langerhans of the pancreas, adrenals, 
testicles and ovaries. Apparently, however, other organs may likewise secrete hormones 
concerned in their own physiologic activities or those of other organs. Thus the placenta 
apparently produces a hormone which, acting through the mediation of the ovaries, 
ensures its own physiological integrity although it may be secreted elsewhere and merely © 
stored in the placenta. Hormones are also secreted by the stomach and duodenum and 
possibly by the liver, spleen and other organs. 

2. Unfortunately, practical laboratory methods for the determination of the hor- 
mones occurring in the blood, or excreted in the urine, are only available in the case 
of the anterior-pituitary-like hormone, the gonadotropic hormones produced by the 
anterior lobe of the pituitary gland, the hormones of the ovary and the hormones or 
androgens of the testicles. But, various other laboratory methods are available for the 
detection of an increased or decreased production of some of the hormones as, for 
example, the basal metabolism test in relation to the thyrotropic hormone of the pitui- 
tary gland as well as of the thyroid gland hormone itself, blood glucose and glucose 
tolerance tests in relation to the ketogenic and adrenotropic hormones of the pituitary 
gland and of adrenalin of the adrenal gland, as well as blood calcium and phosphorous 
determinations in relation to parathormone. 


HORMONAL TESTS FOR PREGNANCY 


Principles. 1. The placental (chorionic) tissues apparently produce or contain two 
hormones, namely (a) estrone or theelin and (0) estriol or theelol. Collip, who employs 
acetone as an extracting agent, believes that these constitute a single hormone differing 
in its physiological properties from the two gonadotropic hormones of the anterior lobe 
of the pituitary gland (prolan A and prolan B) and therefore designated as the anterior- 
pituitary-like hormone (A.P.L.) or the pregnancy urine factor (P.U.). This opinion 
has been widely adopted. It is also produced in hydatidiform mole, choriocarcinoma 
and malignant tumors of the testes with special reference to teratoma. 

2. Tests for the anterior-pituitary-like hormone may be conducted with urine em- 
ploying immature female white mice cr rats, with urine or serum employing female 
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rabbits and with urine or serum employing female frogs (Xenopus laevis) or with urine 
employing male frogs (Rana pipiens). 

3. Positive reactions occur in pregnancy as early as 5 to 14 days after conception 
and especially toward the end of the first month, with an accuracy of about 97.8 to 
98.8 per cent. 

4. Possible errors in the interpretation of tests may result in falsely positive reac- 
tions due to early menopause, hyperthyroidism, ovarian cysts, endometrial hyperplasia, 
uterine carcinoma or primary ovarian failure when pituitary compensation has oc- 
curred. The reactions under these circumstances, however, are generally limited to the 
first phase, characterized by ripening of the follicles and estrus in mice or rabbits with- 
out hemorrhages into unruptured follicles or luteinization of the follicles. 

5. In a negative reaction, by either the Aschheim-Zondek or Friedman tests, the 
Ovaries are pure white or light pink although large mature follicles may be observed. 
In young rabbits, not old enough to produce a positive reaction, the ovaries may be 
narrow and flat and have an opaque appearance which may give rise to falsely nega- 
tive reactions. The uterine horns are pure white. Otherwise, negative reactions indicate 
(<) the absence of pregnancy and other conditions giving positive reactions; (0) ina 
known pregnancy the death of the fetus except when living placental tissue is still 
present; (c) missed abortion and ectopic pregnancy following death of the placental 
tissue, or (d) the performance of the test too soon after conception. Negative reactions 
occurring in tests with urine voided less than 10 days after the first missed period are 
not dependable and indicate a repetition of the test later on unless a positive reaction 
is observed. 

6. The hormone slowly decreases and disappears from the urine during the first 
week after parturition. When the reaction is negative after having been positive, fetal 
death is indicated although positive reactions may occur for 2 to 6 weeks if functionally 
active chorionic tissue is present, as (@) in about 50 per cent of ectopic pregnancies 
followed by negative reactions in about 3 weeks after the onset of vaginal bleeding; 
(5) possibly in missed and incompiete abortions as long as living placental tissue is 
present; (c) in hydatidiform mole; (2) in choriocarcinoma which should always be 
suspected when positive reactions occur longer than 2 weeks after the delivery of a 
hydatidiform mole, and (e€) in men with teratoma, embryonal carcinoma and chorio- 
carcinoma of the testicles. When negative reactions following the surgical removal of 
hydatidiform mole, choriocarcinoma or malignant testicular tumors are followed in 
some weeks or months by positive reactions, recurrences or metastases are usually 
present. 

Aschheim-Zondek Test. This test (J.A.M.A., 1935, 104:1324) is conducted as 
follows: 1. A specimen of urine, not necessarily catheterized, is collected in the morn- 
ing before breakfast. The fluid intake of the patient should be restricted during the 
evening preceding the collection of the specimen of urine in order to obtain concentra- 
tion of the hormone. The bottle or other vessel in which the urine is collected should 
be cleaned with soap and water and dried thoroughly (alcohol should not be used). 
If the specimen is to be mailed to the laboratory, a drop of tricresol (lysol) per ounce 
of urine acts as suitable preservative which does not destroy the hormone. Properly 
preserved specimens do not lose their hormonal potency for at least 6 days. 

2. If the urine is alkaline in reaction it is rendered slightly acid with a few drops 
of 50 per cent acetic acid. 


HORMONAL TESTS FOR PREGNANCY 3b7. 


3. A urine that is clear need not be filtered; one that is cloudy due to phosphates, 
urates, pus or blood should be filtered. A cloudy urine, due to bacteria, should be 
detoxified as follows: 30 ml. of urine is added to 90 ml. of ether in a separatory funnel 
and shaken vigorously for 3 to 5 minutes. (Ether removes simultaneously practically 
all of the toxic substances in addition to the estrin present in the urine of pregnant 
women). The urine is separated, filtered and allowed to stand in the open air in a 
large casserole for 1 hour. Add 0.9 gm. of glucose to the urine and dissolve. 

4. The urine should be kept in a refrigerator between injections and gently warmed 
to 37° C. in a water bath before injecting. The temperature of the water bath should 
never exceed 50° C. since a temperature of 60° C. will destroy the hormone. 

5. Use 5 immature female white mice weighing from 5 to 7 grams. Inject the urine 
subcutaneously, giving 0.2 ml. to No. 1, 0.25 ml. to No. 2, 0.3 ml. to Nos. 3 and 4 and 
0.4 ml. to No. 5. 

6. About 90 to 100 hours later kill the mice with illuminating gas and inspect the 
ovaries with a hand lens. Normal immature ovaries are pinhead in size and pale in 
appearance. If the ovaries of all of the animals are found to be normal, the reaction 
is negative. A positive reaction is indicated by enlargement of the ovaries to two or 
three times normal size, and by minute yellowish protrusions of corpora lutea or 
cyanotic protrusions which are due to hemorrhages into a graafian follicle or a corpus 
luteum. There is also often swelling and hyperemia of the uterus. 

7. Positive reactions are observed in about 98 per cent of cases of early pregnancy. 
Positive reactions may also occur in hydatidiform mole and choriocarcinoma. 

Kelso Modification of the Aschheim-Zondek Test. This test (Am. J. Clin. Path., 
1940, 10:293) is conducted as follows: 1. Female rats, not younger than 22 nor older 
than 40 days, are employed. These rats weigh between 30 and 65 grams. The females 
do not go into the normal period of puberty until they are 7 to 8 weeks old, so 40 days 
is a safe upper limit for premature development of the ovary due to the hormone in 
the urine. In rats over 40 days the animals are liable to show spontaneous ovarian 
maturity and give falsely positive results. 

2. Inject 2 rats subcutaneously with 1 ml. of urine at 9 A.M., 1 p.m. and 5 P.M. 
If the urine is pale in appearance and the specific gravity is below 1.010, inject 2 ml. 
in each dose. 

3. About 24 or 30 hours after the first injection kill the animals. The animals are 
then tacked down on board and an abdominal incision is made to expose the entire 
cavity. The intestines are lifted back toward the head of the animal which allows a 
clear view of uterus, tubes and ovaries. The uterus and tubes are ignored, but especiai 
attention is centered on ovaries; a positive reaction is present when the ovaries are 
enlarged and hyperemic. Both changes must be present before a positive diagnosis can 
be made. Either one alone is insufficient for a positive diagnosis. Hemorrhagic follicles 
may be present, but these only indicate a strongly positive reaction and are never 
present unless the ovaries are enlarged and hyperemic. A negative reaction is indicated 
by small, pale ovaries. 

Schneider Modification of the Friedman Test. This test (Surg., Gynec., & Obst., 
1931, 52:50) is conducted as follows: 1. Collect urine as for the Aschheim-Zondek test 
and filter. 

2. Inject 2 doses of 10 ml. each at about 6-hour intervals in the ear vein of a female 
tabbit which should be not less than 17 weeks old and should weigh not less than 
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1500 grams. One dose of 10 to 15 ml. is probably preferred. Sterile precautions are not 
necessary, but the urine should be warmed to room temperature before the injection. 
The rabbit: should be obtained from a reliable breeder. They should be separated at 
weaning and kept in individual cages for 3 to 4 weeks before use. Reinhart prefers 
mature, nonpregnant rabbits not less than 6 months old and weighing not less than 2.5 
kilograms. They should have had a litter and been isolated for 3 to 4 weeks preceding 
the test. Such mature rabbits should receive 2 injections of 15 ml. of urine. 

3. Anesthetize the rabbit 48 hours after the first injection and examine the ovaries. 
Ether or an intravenous injection of sodium amytal (60 mg. per kg. of body weight in 
distilled water) 30 to 40 minutes before operation are recommended as anesthetics or 
local, using 2 per cent novocain. Place rabbit on operating board and elevate the caudal 
end of the animal to permit a better view of the ovaries. 

4. In a negative reaction, the ovaries remain small in size and show no change (A 
in Plate XVI). In a positive reaction, from 1 to 14 corpora hemorrhagica and corpora 
lutea are found in each ovary (B in Plate XVI). In some instances a positive result 
may be observed in 12 hours and Schneider recommends injecting 2 rabbits in cases 
in which a diagnosis of pregnancy might influence a decision regarding operation. The 
first rabbit is examined at 12 to 24 hours and the result checked by examination of the 
second rabbit at 48 hours. If one ovary appears negative, the other must be examined, 
but if one ovary appears positive, the other need not be inspected. It is well to remem- 
ber that some rabbits, though fortunately only few, are refractory to the injection of 
gonad stimulating factors and fail to show the characteristic changes in the ovaries 
even when injected with the urine of known pregnant patients. This seems to be more 
often the case in young rabbits with smali and poorly developed ovaries than it is in 
older rabbits. 

5. Negative rabbits can be used again immediately. Rabbits with positive results 
can be used again after a period of 10 to 14 days. 

6. Rabbits may die during the test, due to too rapid injection of the urine, the 
presence of aspirin or quinine in the urine, the use of inbred rabbits or the injection 
of highly acid or alkaline urine. 

7. Under such circumstances the test may be conducted with serum, as described 
by Hoffmann as follows: (@) Collect 25 ml. of blood at any time during the day. (d) 
Centrifuge and separate the serum. (c) Add an equal amount of ether, shake and sepa- 
rate the serum. (d) Inject 10 to 13 ml. of serum into the marginal vein of a virgin 
female rabbit not less than 17 weeks old and weighing not less than 1500 grams. 
(e) Autopsy the animal and examine the ovaries about 24 to 30 hours after injection. 

8. With the urine test correct positive reactions have been reported in 97.4 to 98.8 
per cent of cases of pregnancy. 

Reinhart Modification of the Friedman Test. This test (Am. J. Clin. Path., 1933, 
3:9) is conducted as follows: 1. Inject a female rabbit, weighing 4 pounds or more, 
intravenously with 10 ml. of urine. 

2. Forty-eight hours later strap the animal to a board with the foot elevated, clip 
the hair of the lower abdomen and apply an antiseptic solution. Anesthetize the animal 
with ether, open the abdomen, pull down the oviducts with sterile forceps and examine 
the ovaries. After examination the wound is closed with silk sutures and an antiseptic 
solution applied with no dressing. 


PLATE XVI 


A hormone test for the diagnosis of early pregnancy. 
A, bicornate uterus, tubes and ovaries of a fourteen-week rabbit, thirty hours after injection of 
7 ml. of urine from a nonpregnant patient. This demonstrates a negative result, with no changes 
Occurring in the ovaries. 
B, bicornate uterus, tubes and ovaries of a fourteen-week rabbit, thirty hours after injection of 
7 ml. of urine from a pregnant patient. This demonstrates a positive result from an approximate 
five-week pregnancy, showing the presence of numerous corpora lutea and corpora hemorrhagica, 


(From P. F. Schneider, Surgery, Gynecology and Obstetrics, January, 1931.) 
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Frog Tests. In 1933 Shapiro and Zwarenstein (Proc. Roy. Soc. South Africa, Oct., 
1933) discovered that the mature female South African clawed frog (Xenopus laevis) 
could be employed in conducting the urine hormone test for pregnancy. The mature 
female carries eggs throughout the year and extrudes them only at the time of mating 
or after the injection of urine containing increased amounts of chorionic gonadotropin. 
Recently Wiltberger and Miller (Science, 1948, 107:198) discovered that male frogs 
of the species Rana pipiens may be used since they discharge spermatozoa in the urine 
following injections of urine containing the hormone. Because this test possesses a high 
degree of sensitivity and specificity, and since the results may be obtainable within 14 
to 2 hours, it is generally preferred. For checking a negative reaction in suspected 
pregnancy it may be repeated after a few days or the Xenopus laevis test may be 
employed. 


Fig. 137. Site of injection in the frog test for pregnancy. 


Improved method of injection. Small thin needle inserted at right angle to mid-dorsal line. 
(Courtesy of Doctors Weisman, Snyder and Coates.) 


In conducting these frog tests it is advisable that the patient restrict the intake of 
fluids for a day before the collection of urine. In general, drugs should be avoided, 
particularly aspirin, emmenagogues, barbiturates, progesterone and corticosterone. 
Upon arising, at least 4 ounces of urine should be collected in a clean bottle. In sus- 
pected ectopic pregnancy, use all of the morning urine. 


HORMONAL TESTS FOR PREGNANCY 


Xenopus Larvis Txst. This test may be conducted according to the method of 
Weisman, Snyder and Coates (West. J. Surg., 1942, 50:557) as follows: 

1. Only mature, female, healthy and well nourished animals should be used.* 
Standardized animals—those which have reacted previously by egg extrusion after the 
injection of pregnant urine—should be used to attain the maximum of accuracy. Stock 
frogs are kept in tanks carrying water at a depth of about 3 inches from the bottom 
maintained at room temperature (70° F., + 5°). The animals are fed small strips of 
beef heart, calves liver, and garden worms (if available) twice each week. Tank water 
should be replaced by fresh water of the same temperature prior to each feeding and 
24 hours after each feeding. The animals should not be fed for at least 24 hours prior 
to testing since the injection of urine causes regurgitation of partially digested food 
which may interfere with the visualization of the eggs and 
the correct reading of the test. 

2. Four ounces of morning urine are required of which 
80 ml. are used. To the 80 ml. add 160 ml. of acetone. Mix 
thoroughly and allow to stand for about 15 minutes for the 
precipitation of proteins and hormones. Decant the super- 
natant acetone and save for redistillation. Allow the precipi- 
tate to dry, which may be hastened by fanning. Add 2 ml. of 
distilled water to the dry precipitate, stir thoroughly and 
centrifuge. Remove the supernatant fluid and adjust to pH 5.5 
(nitrazine paper, Squibb) with 10 per cent sulfosalicylic acid. 

3. With a small syringe fitted with a short insulin-type 
needle inject 1 ml. into the craniolumbar lymph space on 
the back of the animal (Fig. 137). This lymph space is 


321 


reached by thrusting the needle superficially into the left 
thigh muscle, directing the point medially to the midline ap- 
proximately 14 inch above the upper cloacal fold. Through- 
out its course, the needle should be seen clearly just beneath 
the skin. A firm gentle thrust carries it through connective 
tissue into the lymph space. Great care must be exercised 
against puncturing a lung which usually results in the death 


Fig. 138. Diagrammatic il- 
lustration of lung anat- 
omy and site of injection. 

B, the 

cloaca; C, the site where 


A, the lungs: 


urine concentrate is in- 
jected. (Courtesy of Doc- 
tors Weisman, Snyder and 
Coates.) 


of the animal (Fig. 138). 

4. After injection, place the frog in a small tank or jar carrying about 3 inches of 
water and fitted with a platform of half-inch wire mesh about 1 inch above the bottom 
to prevent the animal from devouring its own extruded eggs. The container should be 
kept covered with a glass plate allowing access of air, but fastened or weighed down 
to prevent the escape of the frog. 

5. Observe the animal at intervals after the first 4 hours. The extrusion of eggs 
constitutes a positive reaction (Fig. 139). This may occur as early as 4 hours after 
injection, but ordinarily occurs between 6 and 12 hours. If, after 18 hours, no eggs are 
visible in the tank, the test may be considered as giving a negative reaction. If two 
animals are used for the test (advisable), one may extrude earlier than the other. 

6. Animals giving negative reactions may be used again after a rest period Oivel 
week. Animals giving positive reactions may be used again after a rest period of 4 


* Animals may be obtained from Jay E. Cook, P.O. Box 302, Baltimore 3, Maryland. 
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weeks. After each positive reaction it is advisable to burn off eggs adhering to the wire 
mesh platform with a bunsen burner. 
7. Positive reactions occur in about 97.8 per cent of cases of pregnancy. 


Fig. 139. Positive xenopus reaction with pregnancy urine. 


(Courtesy of Doctors Weisman, Snyder and Coates.) 


METHOD OF ZWARENSTEIN AND DuncaAN. This test may also be conducted accord- 
ing to the method of Zwarenstein and Duncan (Clin. Proc., April, 1944, 3:No. 4) in 
which the hormone is adsorbed on kaolin and recovered according to the method of 
Scott (Brit. J. Exper. Path., 1940, 21:320) as follows: 

1. Place 100-200 ml. of urine in a 250 ml. graduated cylinder. Less than 200 ml. 
urine is made up to the 200 ml. mark with water. 

2. In each of a series of test tubes place 3 ml. water and 3 drops of 0.04 per cent 
solution of bromcresol green. 

3. Add 20 per cent by volume hydrochloric acid drop by drop (usually 1-2 ml.) 
to the diluted urine until the urine is of proper acidity; mix thoroughly. 

4. Three drops of the acidified urine are added to one of the test tubes and, after 
mixing, the color is compared with the color of a standard tube prepared as follows: 
(a) Place 3 ml. of buffer solution with pH 4.0 (50 ml. of 0.2 M acid potassium phthal- 
ate + 0.4 ml. of 0.2 N sodium hydroxide) in a test tube. (6) Add 3 drops of brom- 
cresol green. (c) Keep in a dark place and prepare a fresh standard once a month. The 
urine is acidulated until the color reaction matches the color of the standard tube. 

5. Add 10 ml. of well-shaken 20 per cent aqueous suspension of kaolin (acid- 
washed) to the urine and thoroughly mix by inverting the cylinder about 10 times. 

6. Allow the mixture to stand for 5 to 10 minutes for the kaolin to settle below the 
25 ml. mark. 

7. Decant the supernatant fluid and transfer the kaolin suspension to a centrifuge 
tube; centrifuge at 2000 to 3000 r.p.m. for about 3 minutes. 

8. Discard the supernatant fluid, add 10 ml. of N/10 sodium hydroxide to the 
kaolin precipitate and thoroughly emulsify. Centrifuge for about 5 minutes and transfer 
the alkaline supernatant fluid to a test tube. Add 1 drop of phenolphthalein indicator 
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and then 20 per cent hydrochloric acid, drop by drop, until the pink color is discharged 
when the extract is ready for injection. The final extract is sometimes turbid but no 
attempt should be made to clear the solution. 

9. Positive reactions occur in about 98.6 per cent cases of pregnancy. 

The Xenopus laevis test may also be conducted with serum. For this purpose collect 
15-20 ml. blood, allow to coagulate and remove the serum. Inject 2 ml. of the serum 
into each of 2 frogs, followed at the end of 2 hours by an additional injection of 2 ml. 
into each animal. The readings can be made within 4 to 12 hours. 

Rana Piprens Test. The frogs * should weigh at least 30 gm. and are best main- 
tained at a temperature of 40 to 45° C. (when they hibernate) for about one week 
before using. Because they are relatively cheap, it is best to use a frog only once. The 
animals are most sensitive during the fall and winter months. Their sensitivity is readily 
determined by the injection of known positive urines. When weakly positive reactions 
are observed, i.e. few spermatozoa are visible, it is advisable to increase the amount of 
urine used for concentration to 50 ml., or to use other species (Rana clamitans or Bufo 
americanus) during the season in which Rana pipiens is insensitive. 

Large shallow pans are convenient for keeping the frogs in a refrigerator. Pans 
measuring about 12 x 18 inches, with a depth of 3 inches, will accommodate about 60 
animals. Water should be added to a depth of about 0.5 inch and the pans covered 
with wire cloth. They should be cleaned every other day. 

The test employing urine concentrated according to the method of Scott (modified) 
may be conducted as follows (Samson Laboratories, Philadelphia, Pa.): 1. Transfer 30 
ml. of morning urine to a 150 ml. beaker. Add 1 drop of 0.4 per cent bromphenol blue 
and 20 per cent hydrochloric acid drop-wise, with continual stirring, until the violet 
blue color disappears with the production of a greenish tint. The pH should now be 
4 to 4.5 and is checked by a glass electrode pH meter. Add approximately normal 
sodium hydroxide or hydrochloric acid as needed to bring about the desired reaction. 

2. Add 2 ml. of 20 per cent suspension of acid washed kaolin and stir at frequent 
intervals for about 20 minutes. 

3. Pour into a 50 ml. centrifuge tube and centrifuge at about 2000 r.p.m. for 5 
minutes. Discard the supernatant fluid, rub up the sediment with about 25 ml. of dis- 
tilled water and centrifuge as above. Discard the wash water. 

4. To the packed kaolin add 1.5 ml. of 0.1 N sodium hydroxide, rub up thoroughly 
and centrifuge at once at high speed for 5 to 10 minutes. 

5. Pour the supernatant fluid into a small test tube to which has been added one 
drop of 5 per cent hydrochloric acid. Shake the tube and test the reaction with nitrazine 
paper. Add dilute hydrochloric acid (either 2 or 5 per cent) until approximate neutral- 
ity, as indicated by little or no change in the color of the nitrazine paper. 

6. This solution (a volume of 1.5 to 2.0 ml.) is used for injection into a frog as 
follows: (a) About 1 hour prior to injection remove the animal from the refrigerator 
and place in a covered pan at room temperature. ()) Pour the concentrate into a 2 ml. 
syringe with a 1 inch 23 gauge needle attached. (c) With a dry towel laid flat over the 
left hand, grasp the frog by the hind legs close to the body. The animal usually becomes 
rigid. Use the index finger to support the frog’s body from underneath. (d) Insert the 
tip of the needle at a point in the midline of the back about 0.5 inch above the cloaca. 


% 


* May be obtained from Daniels, 47 E. Kings Highway, Mt. Ephraim, N. J.; E. G. Steinhilber 
or the Lemberger Company, Oshkosh, Wis.; North Carolina University, Elon, N. C. 
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Just as the needle tip penetrates the skin, raise the skin with the needle to prevent 
injuring the animal and at the same time insert the needle full length subcutaneously. 
Inject the extract slowly and slowly withdraw the needle. When injected in this manner 
there is little or no leakage. (e) Place the frog in a jar, properly labelled, and covered 
with a perforated lid. Keep the jar in the dark at room temperature. 

7. One-half hour later remove the frog from the jar by grasping it in such manner 
with the right hand that the index finger falls between the hind legs and the thumb 
with the remaining fingers encircling the body just forward of the hips. Then, by shift- 
ing the index finger slightly, the cloaca will be exposed and the frog will usually urinate. 

8. Place a drop of the urine on a slide and examine under the microscope. An 
experienced operator can detect the presence of spermatozoa with the 16 mm. objective, 
but until experience has been attained it is better to use the 4 mm. objective. 

9. The presence of spermatozoa indicates a positive reaction. The spermatozoa are 
rod shaped with a hair-like tail which can only be detected under the best illumination. 
There is little directional movement, but there is considerable undulation and a vigor- 
ous whipping action of the tail. 

10. If spermatozoa are not found return the animal to its jar and re-examine a drop 
of urine at the end of one hour. If still negative, the animal should be injected with 
about 0.5 ml. of a Scott concentrate of pooled positive urine to determine if it will react 
at all. If it does not the negative result should be disregarded and another frog should 
be injected with another portion of extract from the patient’s urine. ; 

11. During the first trimester of pregnancy Miller and Wiltberger (Ohio J. Sci., 
1948, 48:89) have observed 100 per cent positive reactions although during the first 
10 to 14 days of pregnancy only weakly positive reactions were observed. Similar re- 
sults have been reported by Bodine and others (Am. J. Obst. & Gynec., 1950, 59:648). 
Soucy (Am. J. M. Technol., 1949, 15:No. 4) has reported 99.47 per cent positive 
reactions. 


QUANTITATIVE TESTS FORse HYDATIDIFORM MOLE 
AND CHORIOCARCINOMA 


Aschheim-Zondek Test. Inject groups of 5 mice with 6 doses of 0.5 ml. each of 
urine diluted 1:10, 1:50, 1:100, and 1:1000. The technic is the same as for the quali- 
tative Aschheim-Zondek test. If the dilution of 1:10 gives a positive result then no less 
than 3,330 mouse units of hormone are assumed to be present per liter of urine, with 
correspondingly higher values if the higher dilutions give positive results. A negative 
test does not exclude choriocarcinoma. 

Frog Test. This test by Zwarenstein and Duncan (Clin. Proc., April, 1944, 3:No. 
4) is conducted as follows with Xenopus laevis: 1. The routine pregnancy test with 
urine extract is started (page 322). At the same time a dilution test is started. Five 
ml. of urine are diluted with 5 ml. of water, and 1 ml. of the diluted urine is injected 
into the dorsal lymph sac of each of 2 or more frogs. Each animal thus receives the 
equivalent of 0.5 ml. of undiluted urine. 

2. If the routine test is negative next morning, it is obvious that the dilution test 
will also be negative and no further tests are necessary. If the routine test is positive 
and the dilution test negative, further dilutions are unnecessary. 

3. If both tests are positive, injections with decreasing amounts of urine are made. 
The urine is diluted 1 in 4, 1 in 10 and 1 in 20 with water; 1 ml. of the diluted urine 
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being thus equivalent to 0.25 ml., 0.1 ml. and 0.05 ml. of original urine respectively. 
A group of frogs is used for each dilution and each animal is injected with 1 ml. of the 
diluted urine. If the 1 in 20 dilution gives a positive result, further injections are made 
with higher dilutions. The smallest amount giving a positive reaction is the minimal 
effective dose. 

4. The routine and dilution tests are repeated at intervals in cases in which it is 
necessary to determine whether a choriocarcinoma has developed after the expulsion 
or removal of a mole, or whether there has been a recurrence of a choriocarcinoma. 


QUANTITATIVE ASCHHEIM-ZONDEK TEST FOR TERATOMA OF 
WESINES 


In about % of these tumors the amount of hormone eliminated in the urine is less 
than 2000 mouse units per liter. To recognize these cases the urine must be concentrated 
according to the method of Ferguson (Am. J. Cancer, 1933, 18:269) as follows: 

1. The fresh morning specimen of urine is filtered if cloudy, and if alkaline is 
rendered faintly acid to litmus paper with a few drops of weak acetic acid. 

2. Add 100 ml. of 95 per cent alcohol to 20 ml. of urine in a cylinder and mix by 
inverting several times. The mixture is allowed to stand overnight, the hormone sepa- 
rating out in the precipitate. 

3. The following morning the supernatant fluid is siphoned off, leaving about 
20 ml. of fluid over the precipitate. This is centrifuged for 5 minutes at 2000 r.p.m. 
The supernatant fluid is poured off. 

4. Add 30 ml. of ether to the precipitate and mix by stirring with a glass rod for 
10 minutes. Again centrifuge for 5 minutes and pour off the ether. 

5. Distribute the precipitate around the bottom of the tube, using a glass rod, and 
allow it to dry. Add 4 ml. of distilled water; mix, and allow to stand overnight. 

6. Centrifuge this mixture the following morning. The water now contains the 
hormone; it is pipetted off and kept in the refrigerator until used. This extract is a 5x 
concentrate of the fresh urine. Stronger extracts may be made by modifying the 
method. 

7. Six mice are used. Three are given 5 doses of 0.1, 0.2, and 0.4 ml. of fresh urine 
and the other three similar doses of the concentrate. 

8. According to Ferguson, there is a direct relation between the embryonal charac- 
ter of the tumor and the quantity of the excreted hormone. The highest amounts are 
found in choriocarcinoma, less in the embryonal adenocarcinoma and least in the 
teratoma of adult type. It disappears after successful removal of the tumor, decreases 
in quantity after irradiation, increases in recurrences and in the presence of metastases. 
However, it must be remembered that a negative hormone test does not exclude malig- 
nancy of the testes. 


NESIoarOR. ESTRIUN 


Principles. 1. Estrin, or estrone, is also known as the estrogenic hormone. It is 
produced by the graafian follicles and corpora lutea providing the ovaries have been 
stimulated by prolan A, one of the two gonadotropic hormones produced by the anterior 
lobe of the pituitary gland. Estrin not only supervises the first or proliferative half of 
the menstrual cycle, but governs the growth and development of the genital tract and 
the secondary sex characteristics. During pregnancy its secretion is greatly increased 
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for the purpose of preparing the uterus for the effects of pitocin in parturition as well 
as promoting the development of the mammary ducts, the process being completed by 
the action of progestin in developing the acini and by prolactin (the pituitary lacto- 
genic hormone) which actually stimulates the secretion of milk. Estrin is divisible into 
three variants, namely, (a) estradiol, (6) estrone (theelin) and (c) estriol (theelol). 

2. In the urine its variants are present in the form of free and combined estrones. 
They occur in the urine of children in amounts up to 50 international units per day, 
with larger amounts at puberty. Only very small amounts are present in the urine of 
adult males but women during menstrual life may excrete about 1500 units per month. 
However, it may be found in the urine of females some time after menstruation has 
stopped but is very low during old age. Its failure to appear in the urine of the mature 
female is indicative of ovarian failure. 

3. An increase of estrin normally occurs between the time of ovulation and the 
onset of menstruation. It is also greatly increased during pregnancy, beginning about 
the eighth week. It is also frequently increased in follicular cysts of the ovary, adrenal 
cortical adenoma, Cushing’s syndrome and granulosa cell tumors. An increase is also 
sometimes found in sterility, suggesting the possibility of habitual abortion as one of its 
causes. It causes inhibition of ovulation, endometrial hyperplasia and menorrhagia. 
A decrease may result in delayed puberty, sexual infantilism, amenorrhea or hypo- 
menorrhea. A decrease may be observed in about 70 per cent of cases of obesity, 
suggesting that primary or secondary hypo-ovarism may be important in its etiology 
and especially after the menopause. 

Urine Test. 1. Collect 24-hour urine and acidify with 15 volumes per cent of 
hydrochloric acid. 

2. Boil the mixture (dark purple color) under a hood for 10 minutes to transform 
the bound estrin by hydrolysis into the free forms. 

3. Allow to cool, add % volume of benzene and shake for 2 hours. 

4. Separate the benzene and break up the emulsion by filtration. 

5. Place the benzine extract in a distilling flask over an electric heater and reduce 
to about 10 ml. 

6. Evaporate to dryness in an evaporating dish under a fan. 

7. Mix the oily residue with 15 ml. of olive oil. 

8. Give immature white female mice (18 to 21 days old and weighing 8 to 12 
grams) a subcutaneous injection of 0.5 ml. once a day for 3 days in succession. 

9. Examine the mice 96 hours after the first injection. If the vaginal opening is 
patent, prepare smears of the vaginal secretions and examine the cells. A positive 
reaction (estrus) is indicated by the presence of only flat, large, irregularly shaped, 
cornified epithelial cells with very small nuclei. Many occur in clumps with irregular 
patterns. There is little or no mucus, few or no leukocytes and no oval cells. A negative 
reaction is characterized by closure of the vaginal opening and the presence of mostly 
leukocytes with small amounts of mucus in smears. If the vaginal opening is patent 
but the smear dubious, the animal may be killed and the weight of the uterus deter- 
mined. A weight of over 15 mg. is considered a positive reaction. 

Mack Vaginal Smear Test. As shown by Mack and his colleagues (Harper Hosp. 
Bull., 1942, 1:54; J. Clin. Endocrinol., 1942, 2:361), the vaginal epithelial cells of 
women with actively functioning ovaries are preponderantly squamous in character 
and have a high glycogen content. In hypo-ovarism or menopause the cells contain 
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little or no glycogen. When estrogenic therapy is effective in hypo-ovarism or meno- 
pausal patients, the glycogen content of their vaginal cells is markedly increased. The 
glycogen content is determined by staining with iodine as follows: 

1. Prepare vaginal smears on slides and allow to dry. 

2. Place the slides face down over a shallow dish containing Lugol’s solution for 
2 or 3 minutes. 

3. Examine macroscopically. Smears containing a normal amount of epithelial 
glycogen are of a deep brown color. Smears containing a deficiency of epithelial glyco- 
gen are of a lemon-yellow or very light brown color; microscopic examinations show 
yellow, glycogen-poor squamous cells, leukocytes and amorphous debris. The cells are 
smaller in size than normal and more rounded in shape than in women with actively 
functioning ovaries. This method is sufficiently sensitive to differentiate between glyco- 
gen values indicative of estrogen sufficiency and various stages of glycopenia corre- 
sponding to clinical estrogen deficiency. It is particularly useful in relation to estrogenic 
therapy. A method employing smears of vaginal secretions stained with a combination 
of Ehrlich’s hematoxylin, eosin, and water soluble blue has been described by Papani- 
colaou (Am. J. Anat., 1933, 52:519). 


TESTS FOR THE GONADOTROPIC HORMONES 


Principles. 1. The gonadotropic hormones secreted by the anterior lobe of the 
pituitary gland are two in number. One causes ripening of the follicles of the ovary 
with the production of estrin in the female and the proliferation of the epithelium of 
the seminiferous tubules of the testes in the male; it is called prolan A. The second 
stimulates the production of progestin by the corpora lutea and their luteinization 
in the female and the stimulation of the interstitial tissue of the testes of the male; it 
is called prolan B. 

2. These hormones appear in the blood and urine at about the time of puberty. 
They then disappear from the urine of the male but occur in the urine of the female 
just before ovulation. The amount present in the blood of normal and nonpregnant 
females is too small for determination. It may be increased, however, in primary 
ovarian weakness or true hyperpituitarism with ovarian hyperfunction. In pregnancy 
the blood carries large amounts of both hormones and especially prolan B. The quanti- 
tative determination, therefore, of the gonadotropic hormones may be of value in 
differentiating between primary and secondary gonadal disorders as in amenorrhea 
and impotency. 

3. Both hormones are likely to be increased along with diminished estrin in both 
the blood and urine of castrated women as well as during and after the menopause 
due to hypogonadism. An abnormal increase in nonpregnant women is evidence of 
hyperpituitary function as sometimes occurs in hyperthyroidism and hyperadrenalism. 
A marked decrease or persistent absence of them, on the other hand, is indicative of 
hypopituitary function as seen in juveniles or as the consequence of severe infections. 
About 90 per cent of cases of amenorrhea and oligomenorrhea have shown abnormal 
hormone titers with about 50 per cent falling definitely into the class of hypogonadism 
with increased prolan excretion. Hypopituitarism is also sometimes responsible for 
sterility while obesity in women may show an increased excretion of the gonadotropines 


indicative of a primary hypo-ovarism. 
4. Examinations of male urine for the gonadotropic hormones is conducted only 
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occasionally. Only increased values are regarded as significant as for example, after 
castration, severe chronic orchitis and functional impotency. 

Urine Test. This test, which has been recommended by Levin and Tyndale (Endo- 
crinology, 1937, 21:619) and Katzman (Endocrinology, 1937, 21:89), also involves 
the use of immature female mice in determining their response to the gonadotropic 
hormones by weighing the uterus and examining for vaginal estrus, as in the urine 
test for estrin previously described. 

1. Collect a 24-hour specimen of urine. 

2. Adjust the reaction to pH 5 with dilute hydrochloric acid (mustard green to 
nitrazine paper). 

3. To each 100 ml. add 2 ml. of a 20 per cent solution of tannic acid. Add the 
tannic acid slowly, stirring constantly. 

4. Allow the precipitate to settle for 14 to 2 hours in the refrigerator. 

5. Decant the supernatant urine and discard. Wash the precipitate 3 times with 
80 per cent alcohol, once with 95 per cent alcohol, and twice with acetone. 

6. Dry the precipitate under an electric fan. 

7. Suspend the precipitate in 10 ml. of distilled water and adjust to pH 9-10 (pink 
to phenolphthalein) with normal sodium hydroxide solution. 

8. Inject immature female mice (18 to 21 days old and weighing between 8 and 12 
gms.) subcutaneously with 0.5 ml. once a day for 3 days in succession. 

9. Examine the mice 96 hours after the first injection. If the vaginal opening is 
patent, examine smears for estrus as described earlier in the urine test for estrin. If the 
vaginal opening is closed, the animal is regarded as negative. If the vaginal opening is 
patent but the smear is dubious, kill the animal and weigh the uterus. A weight of over 
15 mg. is considered a positive reaction. 


Part Three 


BACTERIOLOGIC, MYCOLOGIC 
AND VIROLOGIC METHODS 


17 


METHODS FOR THE COLLECTION AND 
HANDLING OF SPECIMENS 


Principles. 1. Bacteriologic examinations are often made valueless by carelessness 
and faulty methods used in the collection and handling of specimens. Therefore, the 
subject is of utmost importance and success may well depend upon close cooperation 
between the practicing physician and the bacteriologist. 

2. In the case of the physician it is important to (a) Obtain the material as free 
from contamination as possible. 

(6) As far as possible, obtain exactly what is desired to be examined. For example, 
in culturing pus from the ethmoid or sphenoid sinuses, a mere swabbing of the nose is 
not satisfactory if pus can be obtained direct from the infected areas by a rhinologist. 

(c) Make smears that are neither too thin nor too thick. If only small amounts of 
material are available, one or two smears about the size of a nickel are much better 
than larger ones spread out so thinly that it is difficult to decide on which side of the 
slide they have been made. The common practice of covering a large amount of mate- 
rial on one slide with a second is mentioned only to be condemned as filthy, potentially 
dangerous for laboratory workers, and usually unsatisfactory for examination. 

(d) Specify the source of material and, whenever possible, the kind of examination 
to be made. This is especially important in the case of feces and sputum. For example, 
if the former are submitted solely for examination for typhoid or dysentery bacilli, the 
request should be so stated in order that the laboratory may employ the special methods 
required. Sputum specimens should be accompanied by specific instructions for (1) 
routine examination, or (2) acid-fast bacilli, since entirely different methods are re- 
quired. At least, the laboratory should be informed of the nature of the infection 
suspected in order to avoid useless, expensive and time-consuming examinations. 

(e) Use cotton-tipped swabs whenever possible. The exceptions are body fluids and 
sputum which should be collected in sterile glass containers. 

(f) Use extreme care to avoid contamination of the swab or container after collec- 
tion. 

(g) Deliver specimens to the laboratory as promptly as possible. If this is not pos- 
sible, swabs must be kept moist by the addition of a few drops of culture broth. An 
alternative procedure is immediate inoculation of culture media. 

(A) Select proper specimen with due regard to nature of the infection, duration of 
illness and the most likely etiology. Laboratory diagnosis is possible either by direct 
isolation of the infecting organism which is always to be preferred, or by the indirect 

329 


330 THE COLLECTION AND HANDLING OF SPECIMENS 


method of detecting specific antibodies in the blood or other body fluids. However, 
brucella, typhoid bacilli and meningococci may be recoverable by blood cultures only 
during the first few days of illness and failure to find them by no means excludes the 
possibility of infection. Therefore, use should be made of serologic tests, whenever avail- 
able, 72 conjunction with culture methods. 

Furthermore, the physician should consider the pathogenesis of the suspected in- 
fection when collecting material. For example, he or she should have sufficient knowl- 
edge of infectious diseases to realize that the meningococci of meningitis originate from 
the nasopharynx and that typhoid bacilli may not be found in blood cultures after the 
first week of fever. 

3. In the case of the bacteriologist it is important to (a) Read request slip care- 
fully noting source of specimen, tentative diagnosis and type of examination requested. 

(6) Make direct Gram-stained smears of all specimens except swabs of the feces, 
gums, and throat of persons who are not suspected of being infected with C. diphtheriae 
or fusospirochetal organisms. Make acid-fast smears of all swabs from draining sinuses 
and chronic ulcers. 

(c) Preserve all specimens in the refrigerator until cultured. 

(d) Choose the proper culture medium and method of incubation. Anaerobic cul- 
tures should be made routinely. Keep in mind that an atmosphere of 6 to 10 per cent 
CO, is stimulating or necessary for many bacterial species, particularly brucella, 
meningococci, gonococci and hemolytic streptococci. 

(e) Inoculate culture plates heavily if the specimen is scanty. A clear fluid must 
first be centrifuged. Swabs likely to contain many organisms should be thoroughly 
spread over an agar plate and sometimes diluted material placed on a second plate. 

(f) Blood agar is the basic culture medium. Use it along with special media for 
diphtheria bacillus or enteric bacilli. 

g) Interpret smears with caution. When the material is obtained from an area of 
the body which is normally sterile, any organism seen is highly significant and guides 
correct therapeutic measures. On the other hand, swabs from body cavities contain 
myriads of bacteria, some of which closely resemble gonococci, diphtheria bacilli and 
other pathogens. Here, morphologic reliability depends upon certain properties such as 
the acid-fastness of tubercle bacilli, shape and staining reaction of fusospirochetal 
organisms and intracellular location of gonococci. Such smears should be reported as, 
“Morphologically Positive.” 

(h) Make a practical but adequate identification of cultures. For example, it is no 
longer adequate to report a staphylococcus as hemolytic or aureus; more important is 
the production of coagulase which is the index of pathogenicity. Likewise, not all 
hemolytic streptococci are of equal significance and the probability of highly virulent 
group A streptococcus must be judged by the size of the hemolytic area around the 
colony. And the highly resistant enterococci should be distinguished from other strepto- 
cocci. 

On the other hand, nothing of value to the clinician is gained by the identification 
and reporting of organisms from mucous membranes and skin which by colonial ap- 
pearance are likely to be NV. catarrhalis, diphtheroids, B. subtilis or E. coli. 

4, Interpretation of smears and cultures is often difficult and requires the combined 
knowledge of the clinician and bacteriologist. From the laboratory standpoint identifica- 
tion, potential pathogenicity and the number of organisms present are factors to be 
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considered. The final interpretation must be made, however, by the physician according 
to the clinical findings. 


COLLECTION OF PUS FROM ABSCESSES AND ULCERS 


1. It is preferable to obtain pus at the time an abscess is incised or soon after 
spontaneous rupture. 

2. The surrounding skin should be cleansed with an antiseptic such as tincture of 
iodine or alcohol. 

3. The pus should be gently expressed and collected on sterile swabs. 

4. Preserve a swab by placing it in a few drops of culture broth. 

5. Smears are helpful, particularly in chronic ulcers or abscesses of the “cold” type, 
in which case smears for tubercle bacilli are indicated. 

6. In suspected anthrax of the skin (malignant pustule), smears should be made 
of the lesion and particularly of the serous contents of vesicles. 

7. In suspected tularemia (ulcers on fingers), smears are useless. Collect sufficient 
material for guinea pig inoculation. This may require biopsy or needle aspiration. 

8. In suspected granuloma inguinale, smears alone are sufficient. 

9. Suspected tuberculous abscesses and ulcers should be aspirated and the contents 
placed in a sterile test tube. It may be necessary to obtain tissue scrapings or tissue 
biopsy. Cotton swabs are often inadequate. 

10. With syphilitic ulcers, obtain scrapings and suspend in 0.2 ml. of saline solution 
in a small sterile test tube for darkfield examination. Deliver promptly since darkfield 
examinations are unreliable unless conducted within 30 minutes. The same material 
should be cultured for pyogenic bacteria. 

11. Diphtheritic ulcers are not uncommon in warm damp climates. Use a cotton 
swab but keep it moist or place it at once on tellurite blood agar and Loeffler’s medium. 


COLLECTION OF MATERIAL FROM THE EYES 


1. It is advisable to prepare smears and cultures at a suitable stage of the disease. 
As a general rule, this is during the period in which the disease is developing, or is 
at its height. The actual causal agent can disappear rapidly, but the discharge lessens 
more slowly. In the stage of regression, the primary agent may not be found, but only 
coagulase-negative staphylococci or diphtheroid bacilli. 

2. In conjunctivitis an effort should be made to avoid the collection of secretions 
in contact with the angles or margins of the lids unless angular conjunctivitis or 
blepharoconjunctivitis is present. In dacrocystitis secure fresh pus by expression. 

3. In making smears and cultures it is generally advisable first to remove exces- 
sive exudates with saline solution or sterile gauze in order to secure microorganisms 
located in the epithelium. For this purpose it is necessary first to anesthetize the eye 
by the local instillation of sterile 4 per cent solution of cocaine or a 1 per cent solution 
of pontocaine followed by gentle scraping of the conjunctiva or cornea with a sterilized 
platinum spatula or von Graefe knife. Otherwise a small, sterile cotton swab may be 
used after it has been dipped in broth medium. Swabs, however, are not suitable for 
the preparation of smears to be examined for the intracellular inclusion bodies of the 
viral infections. 

4. In corneal infections great care is required to avoid injury of the tissues and 
spread of infection. The cornea should be anesthetized and kept perfectly quiet. 
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Superficial swabbings may be unsatisfactory. The point of a sterile von Graefe knife, 
platinum spatula or needle is generally preferred for obtaining material as the causal 
microorganism is likely to be deeply located. 

5. Material from the anterior chamber may be aspirated with a small sterile 
syringe and needle. 

6. Portions of the iris removed by iridectomy should be placed at once in an 
enriched broth suitable for the cultivation of streptococci and pneumococci. 

7. Properly prepared smears are always of great value in all eye examinations 
as they may show the presence of microorganisms failing to grow in culture media. 
At least 2 should be made. Avoid making smears too thin or too thick; smears the size 
of a nickel are large enough. 

8. Styes are usually due to staphylococcal infections. Express pus by careful 
pressure after first cleansing the surface. Collect with a cotton swab which need not be 
kept moist since staphylococci resist drying for several hours. 

9. Smears and cultures should not be made within 4 hours after irrigation or in- 
stillation of disinfectant solutions. Indeed, it is better to wait for 12 to 24 hours if 
conditions permit. 

10. Enucleated eyes should be placed in a large sterile tube and washed with 10 
to 20 ml. of sterile saline solution to remove surface organisms. Open with a sterile 
knife or scissors for the purpose of preparing smears and cultures of the iris, lens, 
humors or uveai tract. 

11. Darkfield examinations are of great value in the diagnosis of chancres, fusospi- 
rochetal infections, the detection of Spirillum minus in ocular infections of rat-bite 
fever and for the detection of L. icterohemorrhagiae and L. canicola in infectious 
jaundice or Weil’s disease. 

12. The inoculation of guinea pigs with bits of tissue or secretions is indicated 
when oculo-glandular tularemia, brucellosis or tuberculosis is suspected. Rabbits may 
be inoculated intratesticularly as an additional means for the detection of T. pallidum. 

13. Serological examinations for syphilis are indicated in suspected syphilitic kera- 
titis, iritis and choroiditis; also complement fixation tests in suspected gonococcal 
iritis and iridocyclitis. Agglutination tests are indicated in suspected brucellosis and 
especially recurrent iritis, iridocyclitis or neuroretinitis sometimes due to Br. melitensis. 
Agglutination tests are also of diagnostic value in suspected infections with L. ictero- 
hemorrhagiae or L. canicola. Collect aseptically 5 ml. of clotted blood in a sterile test 
tube. 


COLLECTION OF MATERIAL FROM THE NOSE, SINUSES, AND 
NASOPHARYNX 


1. In culturing the nose, sterile swabs should be used and passed without touch- 
ing the atrium. They may be first passed above and then below the lower turbinates 
to the nasopharynx if there are no obstructions. 

2. Cultures should not be made within an hour of the application of antiseptics 
in order to avoid erroneous results. 

3. Secretions may be blown into sterile gauze and portions picked up with sterile 
swabs (frequently unsatisfactory on account of contamination). 

4. Material from infected sinuses should be collected by a rhinologist under direct 
illumination and with the aid of suction or other special methods for the purpose of 
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securing a small amount of the material directly from the areas which are infected. 

5. Cultures of the nasopharynx should be made through the mouth with a curved 
cotton-tipped wire swab to avoid contamination with saliva. The West tube is useful 
but not necessary. A highly satisfactory type of nasopharyngeal swab which has been 
used in our laboratory for several years is shown in Fig. 140. Hoskins chromel A resis- 
tance wire, 26 gauge, is cut into 6 inch lengths. One end is looped and twisted to make 
a handle. The other end is bent back on itself tightly for about 14 inch with a pair 
of pliers. The bent end is then dipped in collodion and a bit of cotton is wound tightly 
around it by rolling between the thumb and third finger. The finished swab is placed 
in a cotton-plugged, 120 * 16 mm. test tube 
into which has been placed a smaller tube con- 
taining 0.3 ml. sterile broth. Sterilization is car- 
ried out in the autoclave. Before use the swab 
is Outside the smaller tube; when it has been 
used to collect material, it is placed in the broth 
tube. By bending the wire at right angles against 
the side of the tube as the swab is removed for 
use, the wire is curved in such a way that the 
swab may be placed directly in contact with the 
nasopharynx without contamination from the 
nasal or pharyngeal mucosa. 

6. Nasopharyngeal swabs are very useful 
for collecting material in suspected strepto- 
coccic, pneumococcic, staphylococcic, meningo- 
coccic, H. influenzae and H. pertussis infections. 


COLLECTION OF MATERIAL FROM THE 
THROAT AND TONSILS 


1. When inflammatory exudates are present, 
as in diphtheria, follicular tonsillitis and Vin- 
cent’s angina, collection with a sterile wooden 
swab is sufficient (Fig. 140). Fig. 140. Throat and nasopharyngeal 

2. The swabbing should not be too super- swab outfit. 


: : : for collection of ma- 
re material di- Ay wooden’ s wal ; 
ficial but an effort made to secure ma terial from the throat and tonsils and 


rectly from the surface of the infected tissues. for general use; B, wire swab for the 
This is especially important when diphtheria is collection of nasopharyngeal specimens. 


“77: Both are contained in sterile cotton- 
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iscateds while the:suriace of a.heavy exudate” ~<.ahs are immersed in the broth an the 
shows nothing but staphylococci and diph- inner tube. 

theroids. For this reason the first or primary 

culture may be negative for diphtheria bacilli unless the edge of the membrane is lifted 
and the swab applied beneath it. 

3. In order to avoid contamination with saliva and the normal flora of the mucous 
membranes, the swab is carefully inserted through the mouth with the aid of strong 
light so that only the area of inflammation is touched by the swab. 

4. Throat swab specimens must not be permitted to dry out because certain delicate 
pathogens, such as meningococcus, are among the first to die under such conditions. 
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It is essential, therefore, that the swab specimen be placed immediately in broth 
(Fig. 140). 

5. In most instances direct smears from the throat or tonsils are without value 
since pathogenic cocci cannot be distinguished morphologically from those which are 
a part of the normal flora. Only when the microorganism in question has a character- 
istic appearance in stained preparations are direct smears on slides indicated. These 
should be made at once instead of being prepared after transmission of the swab to 
the laboratory. 

6. When diphtheria is suspected, two swabs should be used, one for preparing 
direct smears and one for culture. 

7. In Vincent’s angina, smears only are required as the organisms cannot be cul- 
tivated except by special anaerobic methods. 

8. In a bacteriologic examination of the tonsils in relation to focal infection, it is 
advisable and recommended to obtain material directly from the crypts whenever pos- 
sible as these are likely to be more satisfactory than surface swabbings. As a general 
rule these collections are best made by a laryngologist. Material may be expressed 
from the crypts or secured with the aid of a special sterile glass tube attached to a 
suction pump. A good method and one that may be conducted in the laboratory, 1s 
first to make surface swabbings in different directions, as the flora may vary in dif- 
ferent locations, followed by a culture of one or more crypts with a platinum loop bent 
at right angles. 

9. Excised tonsils should be delivered in sterile gauze or saline solution immediately 
after removal. In the laboratory, they should be washed several times with sterile 
Saline solution and laid open with a sterile knife or scissors. Cryptic material is streaked 
‘on aerobic and anaerobic blood agar plates. Bits of tissue are then secured, ground 
with sterile sand in a mortar containing 0.5 ml. sterile saline solution and the resulting 
emulsion cultured in the same manner. 


COLLECTION OF SPUTUM AND BRONCHIAL SECRETIONS 


1. Sputum should be collected in a sterile wide-mouthed bottle or vial with mini- 
mum contamination from the mouth and saliva. As a general rule, morning sputum is 
to be preferred, the patient being instructed to wash the mouth with water before 
coughing. 

2. For routine culture, collect a single morning specimen in a sterile, screw-capped, 
wide-mouthed glass jar. A 2 oz. ointment jar is satisfactory. This should be sent to the 
laboratory at once or placed in the refrigerator. Direct smears are indicated only if 
pneumococcic, Kleb. pneumoniae (Friedlander’s bacillus) or H. influenzae pneumonia 
is suspected. 

3. For tubercle bacilli the most satisfactory specimen is a 24 hour sample collected 
in a wide-mouthed, screw-capped glass jar. The use of waxed cardboard containers is to 
be condemned since spicules of wax may appear in Ziehl-Neelsen stained smears as 
acid-fast objects. As soon as collection is complete the specimen should be placed in a 
refrigerator to reduce growth of contaminants. 

Holm and Lester (Acta tuberc. Scandinav., 1941, 16:3, 614) believe that single 
morning specimens are better than those collected over a 24 hour period. If this is 
true, it is because the first sputum raised upon awakening contains more tubercle 
bacilli than subsequent ones. An advantage resulting from the use of a single fresh 


COLLECTION OF MATERIAL FROM THE TEETH AND GINGIVAE 335 


specimen is that it is suitable both for tuberculosis examination and for routine culture, 
providing collection has been carried out carefully to avoid contamination as much as 
possible. 

In consideration of the safety of the collector and the laboratory personnel, the 
patient must be instructed to avoid contaminating the outside of the container with 
sputum. Never use a container with a narrow opening. Containers suspected of having 
sputum, moist or dried, on the outside should be wiped off with a paper towel soaked in 
strong formalin solution or immersed in such a solution up to the lid for at least 30 
minutes. 

4. Bronchial secretions collected with the Jackson bronchoscope are ideal bac- 
teriologic specimens. The type of collection tube in which two side arms are con- 
nected with a piece of rubber tubing avoids all risk of contamination (Fig. 141). De- 
livery to the laboratory should be made within 30 minutes. Storage at refrigerator 
temperature is indicated until routine culture can be made. 
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Fig. 141. Lukens’ specimen collector. 
(Courtesy of George P. Pilling Son Company.) 


Since bronchial secretions often contain a pure culture of the offending bacterium, 
direct smears are of considerable value and may be made in the clinic. If darkfield 
examination is indicated, as with foul-smelling specimens, it should be done imme- 
diately. 

5. Cough plates for H. pertussis deserve special mention. This method is no longer 
the one of choice for the diagnosis of whooping cough since nasopharyngeal swabs 
yield a greater percentage of positive cultures. The role of the cough plate method is 
its use in conjunction with a nasopharyngeal swab, particularly after the onset of 
paroxysmal coughing. Use the special medium, Bordet-Gengou agar (page 387), to 
which has been added 0.2 unit of penicillin per ml. contained in a petri plate. Hold the 
open plate close to the patient’s mouth during a spontaneous seizure of coughing. Close 
and incubate at 37° C. until delivery to the laboratory. 


COLLECTION OF MATERIAL FROM THE TEETH AND GINGIVAE 
1. For the bacteriologic examination of extracted teeth, the following method is 
recommended. (a) Wall off the operative field with sterile cotton rolls. (0) Dry off 
the area about the tooth with sterile gauze and apply | to 3 per cent tincture of iodine 
with care to have it penetrate well into the gingival margin about the tooth. (c) 
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Extract, and while holding tooth in the extraction forceps, sever the apex with a cutting 
forceps and drop it untouched into a sterile test tube or vial. (d) Deliver as soon as 
possible to the laboratory, where the fragment should be cultured in a rich broth 
medium such as brain-heart broth, or the fragment may be dropped into a sterile screw 
top vial containing a small amount of sterile sand and culture broth. In the laboratory 
this should be shaken for 10 minutes to macerate the tissue as much as possible and 
the material transferred with a sterile pipet to tubes of brain-heart broth and streaked 
on blood agar plates. 

2. Cultures of the socket may be made by: (a) walling off the tooth with particular 
care with sterile cotton rolls to prevent contamination with saliva or the tongue, (0) 
disinfecting the gums with tincture of iodine, (c) extracting with forceps with sterilized 
beaks, (d) curetting with sterile curet or with a sterile cotton swab removing material 
for inoculation to brain-heart broth or blood agar plates. 

3. Numerous methods have been advised for culturing the periapical region through 
the root canals with the tooth in situ but the following is recommended as a simple one 
for routine use. (a) Isolate the tooth with rubber dam. (0) Sterilize the coronal sur- 
face with 1 to 3 per cent tincture of iodine. (c) Remove the filling with sterile instru- 
ments. (d@) Remove filling or dressing in the root canal with sterile instruments. (e) 
Mechanically cleanse and dry the canal with sterile cotton and insert sterile paper 
points slightly moistened with sterile saline solution to absorb any moisture oozing 
into the canal; remove the points and drop them into a tube of brain-heart infusion 
broth. (f) If no moisture oozes in, pass a sterile, fine broach or pick through the canal 
and drop it into a tube of the medium. 

A more elaborate method is as follows. The canals are first opened large enough 
to be readily accessible. The canal walls should be cleansed with alcohol or hydrogen 
peroxide. The treatment is introduced on an aseptic cotton point of a length not to 
exceed two-thirds the length of the canal; above this toward the occlusal orifice place 
a short section of the dry thickened end of a sterile cotton point and above this place 
cotton moistened with sandarac varnish. The cavity is next sealed with either cement 
or temporary filling. In taking the culture, the tooth and adjacent teeth are isolated, 
dried and treated with tincture of iodine. The temporary stopping is removed and the 
cavity moistened with iodine; the sandarac varnish stopping is then removed and this 
portion cleansed with alcohol. The last dry pledget is then removed with a barbed 
broach and the dressing to be cultured is carefully withdrawn; it is seized just above 
the point of contact of the broach with sterile cotton pliers. The broach is cut off to the 
pliers, and the remaining part of the point which is the apical end is then introduced 
into the culture medium. 

4, Smears are sometimes of value in the bacteriologic examination of the gingivae 
or gums. Material should be especially collected from the sulci or pockets alongside of 
the teeth in infection of the periodontium. A stiff platinum loop or some other suitable 
instrument may be employed; or pus may be picked up with swabs after expression. 

Examination for the predominating bacterial types or for fusospirochetal organisms 
is made with smears prepared by emulsifying the material in a drop of water on a 
microslide. The dried smear may be submitted to the laboratory unstained. 

5. Possible syphilitic lesions about the gums, buccal mucosa or lips present a 
special problem. Collect scrapings, and if possible express fluid, with a dull scalpel 
and emulsify in a small tube containing about 0.2 ml. of saline solution. Examination 
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is by darkfield but is successful only when the specimen is absolutely fresh. It cannot 
be overemphasized, however, that treponemes found in such preparations may be 
normal treponemes of the mouth rather than 7. pallidum and that this organism cannot 
be positively identified under these circumstances. Only when the specimen is known 
to have been carefully collected and when many typical treponemes are present can 
the findings be considered even suggestive of syphilis. 

6. Cultures of the surface of the gums are hardly worth-while because of inevitable 
contamination with saliva. But pus expressed from pockets is quite suitable for cultures 
if the surface is first disinfected with 1 to 3 per cent tincture of iodine. The pus is then 
collected on sterile swabs and sent at once to the laboratory, directly streaked over 
blood agar plates or preserved by placing the swabs in 0.2 ml. culture broth (Fig. 140). 


COLLECTION OF MATERIAL FROM THE EARS AND MASTOIDS 


1. In culturing furuncles of the external auditory canal, the skin should be cleansed 
with 1 per cent tincture of iodine and then with alcohol, and pus picked up with a 
small sterile swab. These infections are usually staphylococcic. 

2. In otitis media the material is best collected by an otologist. The external 
auditory canal should be cleansed, disinfected with 1 percent tincture of iodine and 
then with alcohol. Pus is obtained on sterile swabs through a speculum and with illumi- 
nation in order to guard against contamination. 

3. In acute otitis media, the organism producing infection is generally obtained in 
pure culture; in chronic otitis media, two or more organisms are generally found. 

4. The pus should be streaked on blood agar plates. Smears on slides are also serv- 
iceable as their examination gives valuable information as to the organisms one may 
expect to find in the cultures, and the proper therapy to use until culture results are 
available. 

5. The same procedures are recommended in mastoid infections. At the time of 
operation smears should be made and blood agar plates inoculated for the cultivation 
of pneumococci and streptococci. 


COLLECTION OF CEREBROSPINAL FLUID, PLEURAL AND OTHER 
TRANSUDATES AND EXUDATES 


1. Cerebrospinal fluid for bacteriologic examination should be collected with par- 
ticular care against contamination, especially if cultures are to be made. The presence 
of staphylococci in cultures is rather common but of no significance if coagulase-nega- 
tive. As meningococci, pneumococci and streptococci in spinal fluid tend to die out 
rapidly, especially meningococci, the fluid collected in sterile test tubes should be sent 
as soon as possible to the laboratory where large amounts (0.1 to 0.2 ml.) should be 
cultured on blood agar or chocolate agar (page 386). Smears are of great value and 
may be prepared by smearing the fluid directly if it is purulent or after securing 
sediment by centrifugation. 

2. Pleural, pericardial, joint and other fluids should be collected by aspiration with 
a sterile syringe fitted with a sufficiently large needle and under rigid aseptic conditions 
with particular reference to very careful preparation of the skin. Cultures and smears 
are then prepared as in the case of cerebrospinal fluid. 

3. All body fluids except urine may coagulate and this is also true of purulent 
spinal fluid. Cell counts cannot be made and culturing is difficult after coagula- 
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tion has occurred. Failure to recognize this fact is one of the commonest faults en- 
countered in the collection of body fluids for bacteriologic examination. The addition 
of 1 to 2 drops of 50 per cent sodium citrate solution will prevent coagulation and 
should be a routine procedure. 

4. Clear fluids from infectious cases are likely to contain a virus, Treponema 
pallidum or Mycobacterium tuberculosis. The handling of virus specimens is discussed 
in Chapter 27. Spinal fluid from a suspected luetic patient should be placed in a sterile 
tube for serologic tests and accompanied by a specimen of blood. 

If tuberculosis is even remotely suspected, a specimen of fluid as large in amount as 
can safely be withdrawn should be submitted with a specific request for smear and 
culture examinations for tubercle bacilli. Development of a fibrin web is highly indica- 
tive of tuberculosis but its absence does not exclude the disease. 

5. Cell counts, especially the differential, are extremely valuable in that the type of 
cells present often suggest the character of the infection. 

6. Bacteriologists always should handle spinal, pleural, joint and peritoneal fluids 
as emergency specimens. If the clinician has decided it is desirable to submit a patient 
to one of these difficult procedures, the laboratory personnel should appreciate that this 
decision was not made lightly and should act accordingly. Make a direct smear at once, 
or immediately following centrifugation if the specimen is clear, and report the results 
without delay. 


COLLECTION OF BILE 


1. Surgical bile collected at cholecystectomy or cholecystostomy is transferred di- 
rectly to a large sterile test tube. Deliver to the laboratory immediately or preserve in 
the refrigerator. 

2. Bile obtained by duodenal drainage must be carefully collected to be satisfactory 
for bacteriologic examination as discussed in Chapter 10. The preferred portion for 
culture is B bile, particularly the last 15 to 30 ml., which can be recognized by its 
viscid consistency and brownish-yellow to dark green color. Collect in large sterile test 
tube and deliver to laboratory where it is centrifuged, if clear, and examined by smear 
and culture. 


COLLECTION OF GASTRIC WASHINGS 


Examination of stomach contents for tubercle bacilli is of the utmost importance 
in the study of young children who swallow sputum or older persons who do not pro- 
duce sputum. The technic herewith outlined is that used in the Temple University 
Cooperative Clinic of the U. S. Public Health Service. 

1. Instruct the patient not to take food or fluid after the preceding midnight and 
to report for the examination early in the morning. 

2. Prepare a tray (Fig. 142) consisting of a 314 quart sized enamel wash basin 
containing a 50 ml. syringe wrapped in a towel and a 10 inch sponge stick forceps. The 
whole is wrapped in double muslin and autoclaved. 

3. Assemble the following additional equipment: (a) nonsterile wash basins for 
receiving used gastric tubes, (0) a clean Levine No. 20 gastric tube, (c) 2 flasks each 
containing 1000 ml. of sterile distilled water, (d) test tube containing a sterile adaptor 
for 50 ml. syringes, (¢) nonsterile 10 inch forceps for handling used gastric tubes, (f) 
one sterile 250 ml. Erlenmeyer flask for receiving the specimen, 
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4, Remove covers from the gastric tray and also the syringes by means of sterile 
forceps. Pour into sterile basin 300 ml. sterile distilled water and place clean gastric 
tube in it. 

5. With the patient in a sitting position introduce the gastric tube into the mouth. 
This type of tube has a closed end with holes on the side. Use no lubricant and instruct 
the patient to inhibit cough and gag reflexes as much as possible. Direct the patient to 
make exaggerated swallowing efforts when the tube reaches the posterior pharynx. 
Have sterile mineral oi] handy in case the tube is introduced through the nose. Give 
no water to drink unless absolutely necessary. Introduce 200 to 250 ml. sterile distilled 
water by reloading syringe and withdraw immediately or preferably after flushing in 
and out once. Place the aspiration fluid in the sterile 250 ml. flask. Volume aspirated 
will approximate 175 ml. 


Fig. 142. Equipment for the collection of gastric washings. 
(Courtesy of the Temple University Cooperative Clinic of the U. S. Public Health Service.) 


6. Place the used gastric tube in a basin of distilled water and boil for 10 minutes. 
Repeat this step, wrap in clean towel and allow to dry. Place used syringe and other 
materials, such as emesis basin, in another basin. Add green soap solution and fill with 
distilled water. Boil for 10 minutes, cool and scrub with brush. Rinse syringes with 
distilled water. The use of distilled water throughout this procedure is necessary in 
order to avoid all risk of introducing saprophytic acid-fast bacilli which are sometimes 
present in tap water. 

7. Do not allow specimen to stand longer than an hour unneutralized since there is 
evidence to indicate that tubercle bacilli are destroyed by gastric enzymes within a few 
hours. Add sterile N/1 sodium hydroxide solution and mix well. Repeat until a neutral 
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reaction is obtained by placing a drop on pH indicator paper. Storage in the cold is 
also advisable. Specimens preserved in this manner may be stored overnight, but 
prompt examination is preferable. 


COLLECTION <OF*GECES 


1. Diarrheal stools should be collected in a waxed cardboard container or clean 
glass jar. From the laboratory viewpoint there appears to be no advantage in receiving 
the entire specimen. Instead, it is more convenient to work with a large cotton swab 
which has been dipped in the specimen, with particular attention to the selection of 
purulent-like masses. ' 

2. In bacillary dysentery, as shown by Shaughnessy and his associates (Am. J. 
Pub. Health, 1948, 38:670) rectal swabs yield more positive cultures than stools. 
Insert a large cotton swab with a long applicator stick through the anal opening kept 
patent by means of a Vaselined tube of hard rubber, glass or plastic. Place the swab in 
a large sterile test tube. 

3. In typhoid fever and salmonellosis, postcathartic stool specimens, rectal swabs 
and precathartic stools are positive in that order. Use a clean container of cardboard 
or glass, so as to avoid gross contamination with spore-bearing air contaminants. 

4. If rectal swabs must be stored, place them in a refrigerator. A convenient preser- 
vation medium for rectal swabs is sterile aqueous 5 per cent glycerol. 

5. Reasonable success can be obtained in the isolation of shigella, salmonella and 
typhoid organisms from formed stool specimens. But the essential step consists in the 
close examination of the specimen for evidence of mucus, pus cells, blood or tissue 
detritus which are picked up with a cotton swab. This swab may be quite dry and, if 
so, should be delivered quickly to the laboratory or placed in 0.5 to 1 ml. of 5 per 
cent glycerol solution or buffered glycerol water (page 390). 

6. In ulcerative colitis, cultures are best made with the aid of a sigmoidoscope or 
proctoscope. The ulcers should be first cleansed and material obtained with sterile 
swabs. Avoid drying by placing swabs in 1 ml. of thioglycollate semisolid medium or 
buffered glycerol water. 


COLLECTION OF BLOOD 


Principles. 1. The detection of bacteria in the blood depends entirely upon blood 
cultures since they are too few for detection by the examination of stained smears. 
Treponema pallidum occurs in the blood during the primary and secondary stages of 
syphilis, but in too few numbers for detection by darkfield or other direct methods of 
examination. Furthermore, since they cannot be cultivated, detection depends entirely 
upon the inoculation of the testicles of rabbits with blood but is not employed for 
diagnostic purposes. Some of the other pathogenic spirochetes, however, such as those 
producing relapsing fever and rat bite fever, may be detected by direct microscopic 
examinations of centrifuged blood along with animal inoculation tests. Blood cultures 
and animal inoculation tests have also proven of value in the diagnosis of infectious 
jaundice due to L. icterohemorrhagiae. . 

2. A large number of methods have been proposed and the technic employed has 
considerable influence upon results. Aerobic methods are generally employed, but un- 
doubtedly many falsely negative results occur because of failure to use anaerobic 
methods. It is true that in the deeper parts of broth cultures there is sufficient reduction 
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of oxygen tension for the cultivation of micro-aerophilic organisms, but. strictly 
anaerobic methods should be employed alone or in conjunction with aerobic methods 
with blood cultures from all suspected cases of puerperal sepsis and postoperative 
septicemia with special reference to streptococci, Cl. welchii and organisms of the genus 
Bacterioides. 

_ 3. Para-aminobenzoic acid (PABA) should be incorporated into all blood culture 
media in a final concentration of 5 mg. per 100 ml. for the neutralization of the sulfona- 
mide compounds. Unless this is done viable bacteria may escape detection due to the 
prolonged bacteriostatic action of these drugs. Since PABA is heat stable, it is added 
before autoclaving. 

4. If the patient has received penicillin within the last 72 hours, the specific 
enzyme, penicillinase, should be added when the specimen reaches the laboratory. 
Since penicillinase is heat labile, it cannot be added until after the blood has been col- 
lected. A final concentration of 10 units per 100 ml. is adequate. 

5. At the present time no method is available for the neutralization of aureomycin, 
chloromycetin, terramycin or bacitracin. Streptomycin can be effectively inactivated, 
however, by anaerobic incubation or by the use of media containing cysteine, thio- 
glycollate or other reducing substances. Infusion media, such as brain-heart, con- 
tain appreciable quantities of reducing substances, but tryptose phosphate medium 
(page 377) requires the addition of 0.03 per cent cysteine hydrochloride or sodium 
thioglycollate. 

6. Blood may be cultured by adding it directly to a flask of fluid culture medium 
at the time of collection. This procedure, however, frequently results in contamination 
with air-borne organisms. A better method is one which utilizes a small bottle with a 
perforable rubber stopper containing anticoagulant and partial vacuum. In the labora- 
tory the blood specimen is subcultured to culture medium as desired. When there is to 
be a delay in making the culture, a larger bottle containing culture medium may be 
used. The small hospital laboratory will find particularly useful the Vacutainer unit 
described later. 

7. Qualitative methods are sufficient. Only in rare instances is it desirable to make 
quantitative determinations of the number of bacteria per ml. of circulating blood. 

8. Massive blood cultures are indicated whenever low grade bacteremia is sus- 
pected. From the bacteriologic viewpoint the larger the volume of blood obtained the 
more likely are the cultures to be positive. At no time should the volume be less than 
10 ml., and with adults the use of massive (25 to 30 ml.) cultures is indicated in all 
cases of chronic, low grade bacteremia. 

9. It would appear that more attention should be given to the matter of choice of 
vein for securing blood for culture purposes. As a general rule a vein in the arm is 
employed, but apparently this is not always a good routine procedure. For example, it 
has been shown that in septicemia due to thrombophlebitis, blood taken from a vein 
directly draining the focus contains more organisms than venous blood removed from 
the arm because of less dispersion. It would seem advisable, therefore, to secure blood 
from a vein draining the infected area whenever feasible. Several investigators have 
reported that cultures of blood removed from the femoral artery have shown a higher 
incidence of positive results than duplicate cultures of venous blood. Whether or not 
the procedure is justified for ordinary diagnostic purposes, in view of its greater tech- 
nical difficulties, cannot be stated, although it appears worthy of further trial. Methods 
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for securing venous blood from adults and children are described and illustrated on 
pages 43 to 47. 

10. Rigid aseptic technic is required to guard against contamination from the skin 
and air not only in the collection of blood but likewise in making subcultures and all 
subsequent examinations. 

Method for Collection of Blood. 1. Prepare the skin as follows: (@) apply 1 to 3 
per cent tincture of iodine and permit this to dry, (b) with a gauze sponge and con- 
siderable pressure remove the iodine with 70 per cent ethyl alcohol or 90 to 99 per cent 
isopropyl alcohol. Use a circular motion which covers a larger area with each suc- 
cessive stroke. Permit the alcohol to dry, but do not touch the skin with finger or other 
nonsterile object. 

2. Use a small sterile blood culture bottle (Fig. 143) with a paper cap over the 
rubber stopper. Remove the paper cap and place on tray bottom up. Do not attempt 
to disinfect the rubber stopper which has been sterilized. 

3. Collect blood with a 20 gauge needle and a 20 or 30 ml. syringe. 
Push needle through rubber stopper and expel the blood. A properly 
prepared blood culture bottle has sufficient vacuum to take 25 ml. of 
blood without developing positive pressure. This is accomplished be- 
fore autoclaving by inserting a 24 gauge needle connected by rubber 
tubing to a vacuum pump. 

4. Immediately replace the paper cap and tie it on with string. 


Fig. 143. Blood 
culture bottle. 
Pharr ty em le 

Army vaccine 
bottle to carry 
0.3 ml. of 20 per 
cent solution of 
sodium citrate; 
a 60 ml. bottle 
is obtainable to 
carry 30 ml. of 
culture medium. 
(Courtesy of 
Arthur H. 
Thomas Com- 
pany.) 


Shake thoroughly to prevent clotting. The presence of 0.3 ml. of 20 
per cent sodium citrate per 10 ml. of blood is more than enough to 
prevent coagulation providing it is well mixed with the blood. 

5. This procedure has the advantage of simplicity for the operator 
with a minimum of materials. In our experience more elaborate 
methods give a higher contamination rate. 

Routine Blood Cultures. Use bottle as just described unless 
laboratory examination is to be delayed. In this event substitute larger 
bottle containing 30 ml. tryptose phosphate blood culture medium 
(page 377). This is a method for holding the specimen until delivery 
or for mailing to the laboratory; it is not the final culture. Nor is it 
adequate when the patient is receiving penicillin since prolonged con- 
tact with noninactivated antibiotic may prevent subsequent recovery 
and growth of bacteria. 


Anaerobic Blood Cultures. A deep column of culture broth in an Erlenmeyer flask 


furnishes adequate anaerobiosis for micro-aerophilic organisms providing the medium 
is a tissue infusion base such as brain-heart. The addition of 0.2 per cent agar further 
reduces the oxygen tension and is recommended routinely. For the details of strictly 
anaerobic cultures see Bacteriologic Examination of Blood. 

Blood Clot Cultures. Blood for serologic examination is also suitable for culture 
providing it has been collected aseptically. 

1. Remove serum with a sterile pipet and pour clot into the barrel of a 20 ml. 
syringe with a 24 or 26 gauge needle attached. 


2. Cover needle with sterile cotton, place plunger in the mouth of the barrel and 
holding it upright expel the air. 
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3. Remove needle and holding syringe nozzle over the flamed mouth of a flask of 
medium rapidly “spew” out the contents. 

Vacutainer Culture Bottle Method. This procedure is especially convenient in 
laboratories where requests for blood cultures are relatively infrequent. Use of this 
method also appears to reduce the incidence of contaminated blood cultures because 
laboratory manipulation is minimized. The materials are available commercially 
(Becton, Dickinson and Company, Rutherford, N. J.). 

The blood culture outfit consists of 2 units, a partially evacuated bottle containing 
trypticase soy blood culture medium (page 378) and a venipuncture unit. As supplied, 
the entire assembly is ready for use. However, the venipuncture unit may be reused. 
Flush out the needle and tubing with Haemo-sol (page 352) and rinse with distilled 
water. Attach needle and adapter at opposite ends of tubing. Place cotton rolls over 
needle and adapter. Wrap in heavy paper or muslin and autoclave at 121° C. for 15 
minutes. 

Aerobic incubation is accomplished simply by admitting air at the time of veni- 
puncture. Ordinarily, however, anaerobic incubation is better and is obtained by re- 
moving the needle from the bottle without allowing air to enter. Complete details are 
furnished by the manufacturer. 


COLLECTION OF URINE 


1. Female urine collected by voiding is generally unsatisfactory for bacteriologic 
examinations except for the detection of tubercle bacilli. The possibility of errors due 
to contamination with Myco. smegmatis has been greatly overemphasized. Otherwise, 
however, urine is unavoidably and invariably contaminated with staphylococci, coliform 
bacilli or other microorganisms. Consequently, reports on bacteria detected in urinary 
sediments in the course of ordinary routine microscopic examinations are of no clinical 
value. 

2. Therefore, urine for bacteriologic examinations should be collected by cath- 
eterization whenever possible. Great care is required in the technic not only for the 
purpose of avoiding contamination, but likewise for the prevention of accidental 
infection of the bladder. When this is not possible, and especially in the case of infants, 
the voided urine should be examined immediately after collection before contaminating 
microorganisms have greatly multiplied. Smears of sediment obtained by centrifuging 
and stained by the method of Gram will usually yield valuable information. Cultures 
in broth are of no value but plate cultures frequently show a preponderance of the 
infecting microorganisms. 

3. Even when urine is collected by catheterization of the bladder, however, 
contamination may occur with microorganisms in the meatus and first portions of the 
urethra. Consequently, the clinical significance of such microorganisms as coagulase- 
negative staphylococci, coliform bacilli and various species of proteus is frequently 
difficult to determine. Contamination from these sources is much less likely to occur 
when urine is collected from each kidney separately by ureteral catheterization. 

4. Catheters should be very carefully sterilized. Glass catheters are preferred for 
the removal of urine from the bladder of women. Patients should be instructed to retain 
urine for several hours at least so that the first ounce or two may be discarded before 
a specimen is collected in a sterile test tube or vial, 
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5. The urine of males for routine culture may be collected without catheterization 
as follows: (a) cleanse the meatus and neighboring parts with soap and water, (0) 
instruct the patient to pass about one ounce of urine into a test tube or other container 
without touching the glans to the container thus removing the normal bacterial flora 
from the anterior urethra (discard the urine), (c) wash the glans and meatus again 
with soap and water, (d) furnish a large sterile test tube or other container and collect 
the remaining urine, (e) send to laboratory immediately or keep in a cool place. 

6. Voided urine of the female is not suitable for routine bacteriologic examination. 
Catheterization is necessary. Immediate examination is as fully important as with 
voided urine. 

7. In the case of children small catheters must be used. With infants sterile test 
tubes may be fastened with adhesive tape over the penis, or over the urethral meatus of 
girls. Contamination, however, is unavoidable. For this reason the urine should be 
examined bacteriologically just as soon as possible after collection; 2 to 5 ml. are 
ordinarily sufficient. 

8. Separate samples of ureteral urine may be collected by ureteral catheterization. 
This procedure is essential in case of suspected kidney infection. Care must be taken to 
avoid contamination of the specimen. 

9. In collecting urine for the detection of tubercle bacilli either of two methods 
may be employed as follows: (a) collect the entire amount voided over a period of 24 
hours in a clean bottle (it is preferable that storage be in a cool place, but this is not 
essential) or, (0) collect a morning specimen using the technic described for routine 
culture. The latter type of specimen is suitable for both routine culture and examina- 
tions for tubercle bacilli. Furthermore, centrifugation is the only procedure required 
preliminary to culturing or animal inoculation for tubercle bacilli. Whether this method 
is preferable to the use of a 24-hour specimen is not clear, but it appears to be gaining 
in favor. 


COLLECTION OF URETHRAL AND PROSTATIC SECRETIONS 


1. Smears of urethral pus are ordinarily sufficient for the bacteriologic diagnosis 
of acute, untreated gonorrhea. But the method of preparing them is of practical im- 
portance. At least 2 smears should be prepared with cotton swabs and rolled (not 
rubbed) upon slides, care being taken not to pass the swab over the same surface 
twice. If the amount is scanty, smears the size of a penny are sufficient, as very thin 
smears are unsatisfactory. 

2. It is sometimes advisable to furnish the patient with slides and swabs along 
with instructions for preparing smears of morning secretions, collected upon arising 
and before urination. 

3. Smears should be allowed to dry in the air. The practice of covering a heavy 
wet smear with another slide is very unsatisfactory. 

4. Cultural methods are indicated in chronic, low grade and treated cases of 
urethritis and prostatitis. When cultures are to be made, it is advisable to cleanse the 
meatus and secure pus by urethral massage. This should be picked up with sterile 
swabs and immediately streaked on a suitable solid medium; or the swabs may be 
washed out in 1 ml. of preservation medium for NV. gonorrheae (page 387) and at once 
forwarded to the laboratory for final culture. Transport medium for N. gonorrheae 
(page 387) is designed especially to preserve the viability of gonococci in specimens 
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which must be sent to a laboratory through the mails and is recommended for this 
purpose. 


5. The examination of urine for gonococci in chronic urethritis is not very satis- 
factory. 

6. Bacteriologic examination of prostatic secretions may be conducted by having 
the patient empty the bladder immediately before examination. The meatus is than 
thoroughly washed with soap and water. While the patient constricts the urethra just 
behind the glans penis, the prostate is thoroughly massaged until fluid collects behind 
the constriction. This is then collected in a sterile tube or petri plate and cultured on 
biood agar. At the same time smears are made for Gram staining. 

7. Gonococci are highly susceptible to changes in temperature. Therefore, pre- 
serve by storage at 37° C. or in the refrigerator, but as much as possible avoid room 
temperature. After arrival in the laboratory and while fresh chocolate agar plates are 
being prepared, 37° C. incubation is preferable. On the other hand, specimens collected 
at night are best refrigerated until the following morning. 

8. If the specimen must be transported by mail, use screw-capped, plastic tubes 
containing transport medium for N. gonorrheae (page 387). 


COLLECTION OF VAGINAL SECRETIONS 


1. Pus may be secured by massage of the urethra, the Bartholin glands, and from 
the vagina. In adults with chronic gonorrhea, it is particularly advisable to secure 
secretions from and about the cervix with the aid of a vaginal speculum. Vaginal 
douches should be omitted for at least several hours before examination. 

2. In infants and young children material from the external genitalia are sometimes 
insufficient and unsatisfactory, especially in chronic infections with scanty secretions. 

It is advisable to obtain material from the vagina by means of sterile slender cotton 
swabs for either smears or cultures or both. In older children, especially in those who 
have been under treatment, a nasal bivalve speculum may be employed as a vaginal 
speculum without injury as it is particularly important to secure secretions on or 
about the cervix since they may show the presence of gonococci when smears of the 
external genitalia fail to do so. 

3. A single vaginal or urethral swab may be used either for smears or for culture, 
but not for both. If smears are desired, the swab is rolled over the surface of 2 glass 
slides (not rubbed on) with considerable pressure. The size of a well prepared smear 
varies with the quantity of the specimen. Scanty specimens should be spread over a 
small area such as the size of a penny. Copious specimens may be distributed over an 
area large enough to keep them thin. Permit these smears to dry in the air and fix them 
by passing the slides rapidly through a flame 3 times. 

4. When a culture is desired, use one of the swab-broth outfits shown in Fig. 140. 
The wooden swab is satisfactory for collecting urethral pus, but the wire swab, as used 
for obtaining nasopharyngeal specimens, is better for cervical material. It is very im- 
portant that the swab be cultured at once on an appropriate solid medium such as 
G. C. medium or chocolate agar (page 386), or placed in a tube of preservation 
medium for V. gonorrheae (page 387). 

5. The method for preservation of mailed specimens is the same as that mentioned 
under Collection of Urethral and Prostatic Secretions. 
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COLLECTION OF SECRETIONS FOR EXAMINATION FOR 
TREPONEMA PALLIDUM 


1. Treponema pallidum is best found by darkfield examination of fresh material. 
Dry stained smears are much less satisfactory. 

2. Wet preparations made in the physician’s office are the best specimens, provid- 
ing a darkfield examination can be carried out within 30 minutes, after which time the 
motility of spirochetes is lost. Otherwise it is better to send the patient to a laboratory 
equipped for this work. Or the physician may 
collect a drop or two of secretion in a Wright 
capillary blood tube (Fig. 144). The ends 
should be sealed with Vaseline (not with heat) 
and the specimen taken immediately to the 
laboratory. Again, no more than 30 minutes 
should elapse between collection and exami- 
nation. 

3. Although Treponema pallidum may be 
found in chancres (genital and extragenital), 
mucous patches, condylomata and in some 


skin lesions as well as in swollen lymph glands, 
examinations for this organism are practically 
confined to sores regarded as possible primary 
lesions or chancres. 

The examination of lesions on the lips is 
quite reliable but when occurring within the 
mouth great care is required, since Treponema 
microdentium of the saliva is morphologically 
indistinguishable from Treponema pallidum. 

4. Surface exudates should not be used, as 

A the spirochetes are usually in the tissues. An 
effort should be made to secure tissue “juice” 

with as little blood as possible. All applications 

peeardit 1Ouireaiarditeceolecieetree of antiseptics should be omitted won at least 
chancre material for darkfield examina. Several hours before the examination is made. 
tions. 5. Thin glass slides (free of scratches) and 

__ A, capillary tube with bulb for suc- coverglasses are required; also sterile saline 

ae a rae ee ia eee solution and usually an instrument like a 

tube. scalpel or stiff platinum wire loop for secur- 

ing tissue juice. Capillary pipets may be used 

for collection. At least two slides should be prepared. Place a drop of saline solution 
on each. 

6. The lesion should be grasped between the thumb and forefinger (protected with 
rubber gloves or gauze) and squeezed (Fig. 145) to secure tissue juice which may be 
transferred to the saline on the slides with a sterilized platinum wire or loop. If this 
is not successful, the lesion may be gently scraped (while being squeezed to prevent 
bleeding), the material transferred to slides and mixed with the saline solution. A 
coverglass should be applied (being careful to avoid floating) and the darkfield exami- 
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nation made at once. Or smears may be made and allowed to dry in the air if a staining 
method is to be employed. If the sore is quite painful, one may first apply a few 
crystals of cocaine or a few drops of novocaine solution to anesthetize it. 

7. Lymph gland material may be obtained by puncture, using a sterile 1 ml. syringe 
fitted with a No. 22 needle and injecting 0.5 to 1.0 ml. of sterile saline solution fol- 
lowed by aspiration and the preparation of slides with a few drops of the fluid. 


Fig. 145. Method for securing chancre material. 
(From Bass and Johns, Practical Clinical Laboratory Diagnosis. Courtesy of Williams and 
Wilkins Company.) 


COLLECTION OF MATERIAL FOR EXAMINATION FOR 
HEMOPHILUS DUCREYI 
1. Pus may be obtained by aspiration of a bubo with syringe and needle and 
inoculated without delay into tubes of rabbit blood agar (page 396). Smears should 


be prepared at the same time. 
2. An open ulcer may be painted with 1 per cent tincture of iodine and covered 


with sterile gauze; 24 hours later prepare smears and cultures of the pus which has 
collected under the dressing. 


COLLECTION OF MATERIAL FOR EXAMINATION FOR LEPROSY 

1. Lepra bacilli are usually present in the tissues of leprous lesions in large num- 
bers, especially in lepromatous leprosy. They may also be found in the nose and fauces. 

2. The bacilli are chiefly in the fixed tissue cells, and it is usually necessary to 
scrape the lesions for proper material; little or no pain is produced (Fig. 146). 

3. Place a drop of saline solution on each of several slides. Grasp the lesion and, 
while squeezing to prevent bleeding, scrape with a scalpel or a safety razor blade and 
transfer the scraped-up tissue to the slides. Make spreads and allow them to dry in 
the air, to be followed by staining for acid-fast bacilli. 

4. Secure material from the nose with a suitable instrument like the Freer sub- 


mucous elevator and prepare smears in the usual manner. 


COLLECTION OF MATERIAL FROM WOUNDS 
1. All traumatic wounds, including war wounds, are invariably contaminated with 
bacteria, aerobic and anaerobic, from the soil, clothing, skin or air. Dead or devitalized 
tissues furnish excellent culture media for bacterial growth. If more than 6 hours 
elapse without definitive surgical aid, the contaminating microorganisms proliferate and 
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produce infection. The immediate aim of treatment, to be followed by such surgical 
restoration as indicated, is the prevention or limitation of infection. Bacteriologic 
examinations of wound smears and cultures determine these procedures. Debridement 
is the first step by the surgeon in limiting infection, by removing all of the devitalized 
tissues and foreign substances which would provide a nidus of infection. By this pro- 
cedure bacteria are greatly diminished in number, but are not eradicated; at least 
most of the culture materials for bacterial growth are removed. Primary suture is not 
done except in quiet periods of warfare and in hospitals where the patient may be 
retained for careful observation; otherwise, wound suture may lead to enclosure, in 
an imperfectly debrided wound, of harmful microorganisms, especially of the gas gan- 
grene group. Delayed primary suture may be done if the cultures, taken 18 to 48 hours 
after debridement, show no microorganisms; if hemolytic streptococci or staphylococci 
are present, suture is not considered. Considerable numbers of microorganisms of any 
kind indicate delay of suture. Secondary suture is undertaken only after two successive 
cultures have been reported as negative for hemolytic streptococci, coagulase-positive 
staphylococci and clostridia. 


Fig. 146. Securing material from a leprous lesion. 


(From Bass and Johns, Practical Clinical Laboratory Diagnosis. Courtesy of Williams and 
Wilkins Company.) 


2. No smears are taken while hemorrhage exists or within 2 hours after the appli- 
cation of an antiseptic solution. Smears need not be made earlier than 12 hours after 
the infliction of the wound since up to that time few bacteria will be found. Smears 
are made of the wound secretions every other day or daily, depending upon the time 
of secondary closure, in such a way that an appropriate estimate of the number of 
bacteria contained in the wound can be made. 

3. Material is collected with a platinum loop or swab from different parts of the 
wound, choosing areas most likely to harbor bacteria, such as crevices, necrotic bone, 
foreign bodies, or deep sinuses. Bleeding points and clean areas are avoided as well as 
the skin adjacent to the wound. Small amounts of secretion are picked up and smeared 
on slides in such a way that about the same area is covered by the different specimens 
of secretions. With practice sufficient uniformity of technic is attained to provide 
comparable bacteria counts. They should be allowed to dry before delivery to the 
laboratory. 
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4. Bedside cultures should be made on duplicate plates of blood agar for aerobic 
and anaerobic pyogens. Clostridial cultures are made in tubes of bromcresol purple milk 
(page 385) which have been placed in boiling water for 5 minutes to drive off dissolved 
oxygen and then quickly cooled. It is important to prevent reoxidation of the medium 
during incubation. To do this, melt paraffin in a small enamel dish and with a capillary 
pipet seal mouth of the inoculated tube by pushing down the trimmed cotton plug 
about one-half inch and layering paraffin to a depth of one-quarter inch. At the same 
time inoculate one tube of thioglycollate medium (page 379) which is freshly prepared 
or recently heated so that the green oxidized zone at the top of the medium is no more 
than one-half inch deep. This tube is incubated aerobically at 37° C. 


COLLECTION OF NECROPSY SPECIMENS 


1. When bacteriologic examinations are to be made in the course of a necropsy, it is 
imperative to remove the material at the earliest possible time after death and at least 
within an hour or two in order to avoid the increase of secondary invaders and the 
postmortem invasion of the tissues with intestinal bacteria. 

2. The body should not be embalmed until cultures have been made, although 
smears and examinations for bacteria in sections of tissues may be made. 

3. An area of the heart, liver or other organ or tissue to be cultured should be first 
seared with a cautery iron and then opened with a cautery or sterile knife and material 
obtained with a sterile pipet (if heart’s blood or other body fluid), cotton swab, stiff 
platinum wire or scalpel. Blocks of tissue may be removed, dipped into boiling water 
for surface sterilization and then cut into bits under aseptic precautions. 

4. Make direct smears from all necropsy specimens. This step provides a measure 
of the true proportion of the various bacterial types likely to be present. Frequently, 
necropsy cultures are overgrown by E. coli, Proteus vulgaris, Pseudomonas or other 
terminal invaders. Inoculation of necropsy specimens to sodium azide blood agar (page 
393) will often suppress the gram-negative bacilli and reveal the presence of a signifi- 
cant gram-positive coccus. 


DISPOSAL OF SPECIMENS 


1. It is good practice to save specimens such as swabs, bronchial secretions or cen- 
trifuged urine by storage overnight in the refrigerator in case reexaminations are 
required. 

2. Discarded specimens should be placed in a large open pan, to avoid spilling, and 
autoclaved. 

3. Contaminated pipets are placed in a tall jar of disinfectant of sufficient depth 
to cover them. A highly satisfactory solution, which disinfects and has marked proteo- 
lytic activity, is one consisting of one part Haemo-sol * and 100 parts water to which 
is added phenol in a final concentration of 1 per cent. 

4. Flush or soak in water all instruments and syringes containing blood and, if 
necessary, in Haemo-sol-phenol solution. 

5. Instruments and syringes contaminated with bacteria may be treated first in 
Haemo-sol-phenol and then autoclaved or placed in a strong formalin-alcohol solution 
such as the Bard-Parker germicide. 


* Meinecke and Company, Inc., 225 Varick Street, New York City. 
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6. Use great care in handling materials suspected of contamination with tubercle 
bacilli. Flush out protein with a small quantity of Haemosol-phenol and autoclave 
with minimum of handling. Since Haemosol-phenol may not destroy tubercle bacilli, 
this solution must also be autoclaved before it is discarded. 

7. Wipe off work table with 5 per cent commercial cresol solution and a paper 
towel. Sterilize in the autoclave if there is a possibility of contamination with tubercle 
bacilli or pathogenic spores. 
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METHODS FOR THE PREPARATION AND 
STERILIZATION OF GLASSWARE 


THEODORE G. ANDERSON 


Principles. Test tubes, petri dishes, and flasks should be made of good quality glass 
in order (1) to withstand repeated steam sterilization at 121° C. with the minimum 
of decomposition and (2) to contain no free alkali to induce a change between the 
initial and final reactions of culture medium. Strain-tested Pyrex and resistant glass 
are recommended because of their stability toward distilled water, low coefficient of 
expansion and mechanical strength. 


SELECTION! OF GLASSWARE 


1. Test tubes should be of Pyrex or resistant glass, thicker walled than those used 
for chemical work, without lips in order to facilitate plugging and storage, and of such 
size as to fit in the wire test tube racks in common use. Four sizes are usually em- 
ployed: (a) 100 * 13 mm. for fermentation (Durham tube, see Fig. 
147) and agglutination tests; (b) 120 * 16 mm. as a general purpose 
tube for culture media; (c) 150 & 16 mm. for giving a long column 
of medium for varying degrees of oxygen tension and (d) 150 « 25 
mm. for 10 ml. or larger amounts of culture medium for pouring petri 
plates. 

2. Petri plates subjected to steam pressure sterilization (auto- 
claving) should be of alkali-free glass and capable of standing re- 
peated sterilization without corrosion. Pyrex or resistance glass is 
recommended. Where hot air sterilization alone is used, plates of 
selected lime glass are satisfactory. The 100 &% 10 mm. size is satis- 
factory for general purposes. The 100 « 15 mm. perfectly flat bot- fe en 
tomed plate that assures an even level agar surface is recommended SrA aa eA 
for Oxford cup antibiotic titrations. ra 

Whenever it is necessary to avoid water of condensation on the (Courtesy of 
surface of agar plates, covers of white Coors porcelain unglazed inside stra Staaf 
for providing sufficient absorbing surface and glazed outside to facili- pany.) 
tate removal of crayon markings, are recommended. 

The special Brewer petri dish lid for anaerobic incubation of agar plates is available 
from laboratory supply houses and may be useful in laboratories where more exacting 
anaerobic methods are not available. 

3. Erlenmeyer flasks of Pyrex or resistance glass with vial mouths are recommended 
in the following sizes: 125 ml.; 250 ml.; 500 ml.; 1000 ml.; 3000 ml. and 6000 ml. 

4, “Exax blue line” pipets are recommended in the following sizes: 1.0 ml. gradu- 
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ated in 0.1 and 0.01 ml.; 5.0 ml. with 1.0 ml. and 0.1 ml. graduations; and 10 ml. with 
1.0 mi. and 0.1 ml. graduations. Pipets meeting American Public Health Association 
specifications are required in the bacteriologic examination of dairy products. 

5. Two convenient types of glass cylinders for use in Durham fermentation tubes 
(Fig. 144) are recommended: (a) 100 X 13 mm. outer tube with a 25 X 8 mm. inner 
vial for general use and (0) 150 & 16 mm. outer tube with 74 & 10 mm. inner tube 
for use in the bacteriologic examination of larger quantities of material, as in the 
examination of water and dairy products. 

6. Blake bottles (Fig. 148) are commonly employed 
in the preparation of stock vaccines and bacterial anti- 
gens when large amounts of culture are required. 

7. Microslides should be of noncorrosive hard glass 
with ground edges, free of scratches, and measure 3 X 1 
inches with a thickness of 1 to 2 mm. For darkfield ex- 
Fig. 148. Blake bottle for mass aminations they should be carefully selected and free of 

cuties scratches. The American Optical Company (Spencer) 

(Courtesy of Arthur H. 5 : 
Thomas Company.) darkfield condensers 6748G and H and _ illuminator 

6748-T require a thickness between 1.15 and 1.25 mm.; 
the Bausch and Lomb paraboloid condenser requires a thickness range of 1.50 to 1.60 
mm. (Fig. 149). 

8. Micro coverglasses should be of noncorrosive glass; soft white glass should not 
be used. Squares (22 mm.), rectangles (22 & 36 mm.), and round glasses (18 mm.) 
are available. For routine bacteriologic examinations requiring oil immersion magnifi- 
cation, grade No. 1 is recommended. Nos. 0 and 1% are available for critical work. 
Because the No. 2 coverglass is too thick for use with the oil immersion objective, its 
application is limited to hanging drop examinations where its greater thickness reduces 
the risk of breakage. 

9. Hanging drop slides may also be used for microcultures. The comparatively thin 
slides with a spherical concavity 18 mm. in diameter 
and 0.8 mm. deep are recommended. 


METHODS FOR CLEANING GLASSWARE 


Principles. The importance of properly cleaning 
laboratory glassware cannot be overstressed. Too (Courtesy of Arthur 
often this important operation is relegated to the Thomas Company.) 
category of dishwashing. Laboratory glassware must 
be cleansed by a method that will remove all traces of original soil, assure no residual 
precipitation of the cleansing agents and produce no etching. Satisfactory results can 
be obtained if attention is paid to the following: 1. Know the water hardness (excess 
of Ca, Mg, Fe, Cu.). 

2. Do not use soaps. 

3. Choose a detergent * that (a) contains no free alkali, (b) softens water, (c) is 
quickly and completely soluble in warm (120° F.) water, (d) does not precipitate in 
hot or boiling water (200-212° F.), does not precipitate in cold water (55-60° Ee) 


Fig. 149. Darkfield microslide. 


* Haemo-sol (Meinecke and Co., New York) or Gramercy Powder (Eimer and Amend, New 
York). 
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(f) rinses easily, (g) lowers surface tension, (“) has good wetting ability and (z) is 
non-irritating to the hands. 

Used Glassware. GENERAL. 1. Cleanse glassware as soon as possible after using. 

2. Sterilize contaminated glassware by autoclaving and while still warm remove 
the cotton plugs and empty the contents. 

Hanp WasuINc. 1. Where washing is done by hand, place glassware in a container 
of warm water with approximately 1 per cent of added detergent. Soaking for a short 
time facilitates cleansing. 

2. Scrub glassware internally and externally with a brush. Wire bound brushes 
that are worn down so the wire is exposed, especially at the end, should be discarded 
as they will scratch the glassware. 


Fig. 150. Char-Lab mechanical glassware washer. 


(Courtesy of Fisher Scientific Company.) 


3. Rinse glassware at least 3 times in running warm water. A fourth rinsing in hot 
water is always advisable and facilitates drying. Rinsing in distilled water is ideal but 
not practical where large volumes of glassware are involved. 

4. Set glassware on clean surface to drain and dry. 

5. Tubes with paraffined stoppers or cotton plugs should be autoclaved and cleaned 
separately. After autoclaving, remove the cotton plugs and stoppers. Place tubes in a 
container large enough to submerge them completely. Cover with water and heat to 
boiling. Set aside to cool. Remove the congealed paraffin from the top after cooling 
and cleanse the tubes in the manner already described. 

6. Tubes containing nonliquefiable media, as Petragnani’s or Loeffler’s serum media, 
require special measures for removing the media. This may be done with an air jet 
arrangement wherein the tube is inverted over a small metal pipe attached to positive 
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air pressure; opening a key type valve forces the medium out into a collecting pan. 
The same result may be obtained with a small water jet at the sink. This can also be 
used for solidified agar. Cleanse tubes as already described after removal of the medium. 

MECHANICAL WASHING. 1. Mechanical washers for laboratory glassware should be 
a part of every laboratory where a large volume of glassware is used. Hotter water can 
be obtained; a longer cleansing period can be used; agar does not have to be removed 
from the tubes; more thorough rinsing can be done and, with the proper choice of 
detergent, clean glassware is assured (Figs. 150 and 151). 


Fig. 151. Heinecke mechanical glassware washer. 
(Courtesy of Heinecke Instrument Corporation.) 


Pipets. 1. Pipets should be placed immediately after use in a tall (18 & 6 inch) 
Pyrex type cylinder containing sufficient cleanser (six liters) to completely cover the 
pipets. A cleanser that is recommended is a 1 per cent solution of Haemo-sol to which 
0.5 to 1.0 per cent phenol can be added for bactericidal activity. In general, pipets are 
removed from the pipet jar daily and the solution changed once a week. 

2. A solid rubber pad in the bottom of the pipet jar will protect the tips. 

3. A pipet holder or “basket” is available with mechanical pipet washers that also 
fits inside the pipet jar. 

4, Cleaning pipets is no longer a chore with the mechanical pipet washer (Fig. 
152). It is essential, however, to use the proper cleansing material in the pipet jar. 

5. Where hand washing is done, each pipet must be rinsed at least three times with 
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running warm water after being taken from the jar because the cleansing actually 
occurs during the rinsing. This step can be done best with a mechanical pipet washer, 
that automatically and forcefully rinses the water through the pipets. A five-minute 
rinse is sufficient with the proper cleansing material in the pipet jar. Do not put cleanser 
in the mechanical washer. 

Slides and Coverglasses. In view of the nominal cost and the possibility of errors, 
it is not considered advisable to cleanse and reuse slides or coverglasses in the routine 
diagnostic laboratorv. 


. 
i | 


Fig. 152. Mechanical pipet washer. 
(Courtesy of Arthur H. Thomas Company.) 


New Glassware. New test tubes, flasks, petri dishes, pipets and other glassware are 
likely to contain free alkali and should, therefore, be handled in the same manner as 
used glassware. 

Slides and coverglasses may be cleaned with alcohol and used directly or stored 
in 70 per cent alcohol until needed. 

Cloudy Glassware. The clouding of glassware may arise (1) from retained deposits 
of Ca or Mg salts in hard water where proper attention has not been paid to the 
treatment of the water for their removal or (2) from a loss, “etching” or “oozing” of 
the glass surface more noticeable in “soft” than in “hard” Pyrex or resistance type 
glassware. 

Clouding resulting from magnesium and calcium carbonate deposits, or occasionally 
from organic material insoluble in the detergent, may be removed with potassium 
bichromate-sulfuric acid cleaning solution prepared as follows: 


Commercial, potassium bichromate, . ois. seyael- ee 100 gm. 
SSA ALORA gk er tn Wma ea org ob yc chia: Vgyiig tabula etek 200 ml. 
Dissolve with the aid of heat, cool, place container in cold 

water and add slowly with constant stirring: 

Commercialeculiina claciclipraaepear nt oe erode: 800 ml. 
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This solution should be initially prepared with caution in a wide mouthed open 
beaker. Extreme care should be exercised in its use to avoid spilling. 

Fill test tubes. beakers and flasks with the cleaning solution and allow to stand for 
24 hours. Pipets may be submerged in the solution in a cylinder or graduate. After 
treatment, all glassware must be thoroughly rinsed to remove all of the solution. It is 


Fig. 153. Harrison test tube plugging machine. 


very difficult to remove all traces of the chromium ion, and where this may interfere 
with exacting work cleaning with this solution is not advised. 

The cleaning fluid may be used repeatedly and when it appears to lose in strength, 
more potassium bichromate and sulfuric acid should be added. However, it is very 
corrosive and should not be used more frequently than necessary. The use of this 
cleaning solution is seldom required when glassware receives proper routine care. 
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METHODS FOR PLUGGING TEST TUBES, FLASKS AND PIPETS 

1. It is important to have test tubes properly plugged with long-fiber, nonabsorb- 
ent cotton. Many methods are in use. Two are described herewith. The first one is 
simple and requires about 5 seconds per tube. The second method produces somewhat 
better plugs. 

Method Number One. Open the roll of batting and split the cotton to half the 
thickness as it comes in the roll and, using the half thickness, tear or cut the cotton 
lengthwise into strips 2 feet long and (for 120 * 16 mm. tubes) 2 inches wide. For 
smaller or larger tubes vary the width accordingly. Tubes to be plugged 
are placed in baskets or wire racks. 

Holding one of the strips of cotton in the left hand, tear or separate 
a pledget approximately 2% inches long from the strip. With 6 inch 
forceps pick the pledget up in the center and gently force it into the tube. 
Before loosening the hold on the cotton, pull the forceps up quickly with 
a jerky motion, just a fraction of an inch. This prevents a pointed plug 
from being made and helps to form or set the cotton. With a little prac- 
tice the forceps can be held in the hand while separating the pledgets, 
and consequently plugging is done quickly. Always remove excess cotton 
allowing only about ™% inch to extend above the tubes. 

Plugs should fit tightly enough to prevent the tube from slipping off 
when it is held by the cotton alone, but not so tightly as to require special 
effort for their removal. Plugs should extend into the tubes at least one 
inch but not more than an inch and one-half. The plug will set and form 
on autoclaving. 

Method Number Two. An ingenious machine for plugging test 
tubes of several sizes has been devised by Dr. James A. Harrison of the t= 
Department of Biology of Temple University (Fig. 153). This machine Fig. 154. Pipet 
will be commercially available. box. 

2. In the case of flasks, the strips of cotton should be cut wider and rene taen 
may be rolled with the fingers to the proper size. If it is desired to pro- Aiea Cétne 
tect the interior of flasks or other vessels from cotton fibers, a square of pany.) 
gauze or cheese cloth may be placed over the mouth of each vessel before 
inserting the cotton plug. This also lends support to the cotton plugs in large flasks. 
Added protection against contamination may be had by placing a piece of wrapping 
paper around the neck of the flask secured by means of string. 

3. The mouth ends of pipets may be plugged with small pledgets of cotton to pro- 
tect the worker against accidental contamination of the mouth while pipeting cultures. 
The small bit of cotton may be inserted into the bore of the pipet by means of a piece 
of wire or a straightened paper clip. The cotton should not extend beyond the end of 
the pipet in such a way as to prevent placing the finger firmly against the end. Any 
loose fibers can be burnt off by passing the ends of the pipets through a gas flame. 


METHODS FOR STERILIZING GLASSWARE 
1. Test tubes, petri dishes, pipets and flasks should be perfectly dry before hot air 
sterilization, to prevent breakage and reduce decomposition. Do not use moist heat. 
2. Petri dishes and pipets may be wrapped singly or in multiples with paper. Or 
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they may be placed in special cans of copper or sheet iron for sterilization (Fig. 154). 

3. Place in hot air sterilizer and gradually raise the temperature to about 170° C., 
which is sufficient for turning cotton and paper to a faint yellow color. 

4. Avoid overheating to prevent charring of cotton and paper and the release ot 
oils from cotton. Do not allow cotton plugs to touch the walls of the oven. 

5. Heat for 1 to 1% hours at 170° C., and then allow the sterilizer to cool some- 
what before opening the door, to prevent cracking by too sudden contraction of the 
glass. 

6. While it is not imperative to sterilize test tubes and flasks before filling them 
with culture media, it is occasionally advisable to do so as in the case of the Petragnani 
and Lowenstein culture media which are inspissated. 

7. When large amounts of glassware are to be sterilized, the use of a good recording 
thermometer is recommended. 
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METHODS FOR THE PREPARATION OF 
CULTURE MEDIA 


1. Culture media for microorganisms are artificial foods containing assimilable 
nitrogen, carbohydrates, lipids, various organic materials, mineral salts and water. 
Native protein is not generally utilized by pathogens which require less complex nitro- 
genous compounds such as polypeptids, proteoses, peptones, and amino acids. Vitamin- 
like substances, the so-called accessory growth factors, are also necessary for the growth 
of many pathogenic species, the number of which is a measure of fastidiousness. Blood, 
serum, ascitic fluid and fresh vegetable extracts contain these growth factors, and it is 
primarily for this reason that blood agar is used routinely as the medium of choice for 
primary isolation. The common pathogenic types so lacking in synthetic ability that 
growth is sparse or impossible without the addition of body fluids are the beta strepto- 
cocci, pneumococcus, meningococcus, gonococcus, and H. pertussis. Certain organisms 
are especially fastidious; for example, H. influenzae which requires the hemin of blood 
(X factor) and coenzyme I (V factor). 

2. Therefore, a very large number of media have been described for meeting special 
requirements. Practically all have as a general basis an infusion or watery extract of 
meat (usually beef or veal). 

3. Heat sterilization and filtration affects meat infusion deleteriously. Lost nutritive 
material is replaced in part by the addition of peptone, which is water-soluble and not 
precipitated by boiling, and also by adding blood and serum. Beef extract is generally 
inferior to fresh meat infusion because of the loss of nutritive substances due to pro- 
longed heating in manufacture. It is useful, however, for the cultivation of the less 
fastidious organisms and especially convenient for small laboratories. 

4. The method of sterilization is, therefore, an important matter. Avtoclaving 
denatures and coagulates protein, hydrolyzes carbohydrates and destroys thermolabile, 
vitamin-like growth factors. Thus, filtration is the preferred procedure whenever it is 
practicable. However, most culture media must be sterilized by heat and the deleterious 
effects minimized by using the shortest time and lowest temperature producing sterility. 

5. Most pathogenic bacteria are adversely affected by a definitely acid or alkaline 
reaction; optimal and typical growth occurs only in media which are at or near 
neutrality. The meat bases are more or less acid and usually require the addition of an 
alkali (sodium hydroxide). Culture media become more acid during sterilization be- 
cause of hydrolysis of some of the constituents. Occasionally they may become more 
alkaline because of alkali derived from glass, especially if cheap, soluble glass containers 
are employed. 

6. Culture media may be: (a) fluid (broth, milk and peptone water), (d) solid 
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(agar, gelatin, coagulated serum or egg), or (c) semisolid (broth with small amounts 
of agar, gelatin or coagulated serum). The last are especially useful for maintaining 
stock cultures. 

7. The most important principles involved in the preparation of culture media are: 
(a) to provide utilizable nitrogen in adequate amounts, (0) to furnish fermentable 
carbohydrate as an energy source, (c) to add, if necessary, growth factors in the form 
of tissue fluid or extract, (d) to adjust the pH properly, (e) to use the minimum of 
heat in sterilization, and, most important of all, (f) to weigh accurately the various 
ingredients so that the proper nutritional and chemical relationships will be obtained. 

8. It is frequently desirable to employ selective media which are nutritionally 
adequate for many bacteria but which contain an inhibitor substance capable of select- 
ing a single type. Tetrathionate and selenite F enrichment broths (page 390), and S.S. 
and desoxycholate citrate agars (page 390), are examples of selective media for the 
separation of enteric pathogens from the normal intestinal flora. The addition of peni- 
cillin to Bordet-Gengou agar (page 387) for the isolation of H. pertussis and simul- 
taneous suppression of gram-positive organisms is also a means of obtaining selectivity. 
The incorporation of dyes such as brilliant green and gentian violet into culture media 
for selective inhibition is well established and a valuable procedure for primary isolation 
of Myco. tuberculosis and the enteric pathogens. 

9. If possible, the use of human blood or serum in culture media should be avoided. 
Human blood may inhibit or adversely affect growth of the bacteria not only because 
of the presence of antibodies or other immunologically active substances but because 
of the presence of drugs or chemotherapeutic agents which have been administered. 
Horse blood is very satisfactory; as are rabbit and bovine bloods. 


DEHYDRATED CULTURE MEDIA 


Dehydrated culture media have been marketed for a number of years by the Difco 
Laboratories, Detroit, Michigan, and the Baltimore Biological Laboratory, Baltimore, 
Maryland. These types of media are generally very satisfactory and are especially to 
be recommended to small laboratories where a trained media maker is not available. 
in larger laboratories the cost of dehydrated media is considerably higher than that of 
homemade media. On the other hand, the latter, particularly those of the infusion type, 
have the disadvantage of varying in composition. For new methods of cultivation and 
isolation, and for descriptions of bacteria, only media of which the composition and 
method of preparation are fully known or described should be used. Prepared dehy- 
drated media may be used for routine work only when they can be shown to behave 
similarly to the original media described for the purpose. 


BASIC CONSTITUENTS 


Peptones. Peptones are peptic or tryptic digests of various proteins such as casein 
or various animal tissues. Peptic digests are usually made by adding minced animal 
stomachs to the ground protein in an acid medium. The temperature is generally kept 
at about 50° C. and the process of digestion controlled by making tests from time to 
time for various amino acids. The biuret test and the test for tryptophane are com- 
monly used. Tryptic digests are made in slightly alkaline solution using pancreatic 
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extract as a source of trypsin. If the digestion is carried out for more than 5 or 6 hours 
some preservative such as chloroform or toluol must be added. It is not always easy 
to decide what peptone to use for a particular purpose. Generally a considerable 
amount of comparative work must be done. 

Meat Extract. Commercial meat extract is generally made from so-called “soup 
liquor” obtained from the precooking of meat intended for canning. The meat for 
canning is placed in large iron baskets and suspended in tanks of cold water. The 
whole is then heated with steam for 30 to 40 minutes. The liquor from this process is 
evaporated on vacuum pans at a temperature around 70° C. for some 4 hours. The 
concentrated extract is further evaporated in a kettle for some 8 hours or until the 
water content is down to about 22 per cent. During this process the extract turns dark 
brown and all the sugar and gelatin in the original juice are destroyed. The exact 
processes used by various companies are more or less commercial secrets. 

Agar. Agar is obtained from certain types of seaweed found along the Pacific 
coasts. The greatest part of the agar supply comes from Japan, while a limited quantity 
is produced in California. The agar is extracted from the seaweed by boiling water. 
The resulting agar solution is allowed to gel, cut into strips and frozen. The frozen 
strips are then thawed out, dried, and bleached in the sun. The quality of agar used by 
bacteriologists has undergone considerable improvement during the last few years. It 
is now possible to obtain agar which is ground to any desired fineness and which gives 
a perfectly clear solution in water. Powdered agar is recommended for general use. It 
requires no preliminary soaking in cold water and goes into solution after only 1 to 2 
minutes of cooking. 

For making plates, concentrations of agar from 1.5 to 2 per cent should be used. 
Semisolid agar media generally contain about 0.2 per cent agar. 

Gelatin. Gelatin is a protein obtained from bones, hornpiths, and hidestock. The 
bones are not used raw, but are first subjected to a chemical process which produces 
what is known as osseine, which is the organic substance of bones. The raw bones are 
washed, crushed, and then degreased by means of benzine or carbon tetrachloride. The 
mineral substances of the bones (mostly phosphate) are then extracted with dilute acid, 
usually hydrochloric or sulfurous, or a combination of these two. A valuable by-product, 
acid phosphate, is thus produced. The material left after extraction of the fat and 
mineral substances is called osseine. The osseine is subjected to various treatments of 
washing, alkali treatments to destroy the last traces of fat, more washing, acid treat- 
ment to destroy the alkali, and finally washing to obtain a neutral product. The mate- 
rial is then placed in extraction tanks where the gelatin is extracted by means of warm 
water (55° to 93° C.). The thin gelatin solution (4 to 6 per cent) is drawn off from 
the extractor and clarified by filtration and settling. For making powdered gelatin the 
solution is generally concentrated to 10 to 20 per cent and hardened in molds. It is then 
cut into thin pieces and dried on cotton or wire netting. The sheets or pieces of gelatin 
are dried by warm air, generally at from 30° to 40° C. There is some variation in 
gelatin made by different processes. The most important from a bacteriological stand- 
point is the geling strength and clarity. The temperature and strength of acid used in 
the manufacture is probably responsible for any loss of geling strength. Gelatin media 
should not be heated more than is necessary. 
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METHODS FOR DETERMINING AND ADJUSTING THE REACTION 


Principles. 1. The chemical reaction of the medium exerts a marked influence upon 
the growth of bacteria. It is adjusted after all ingredients are dissolved by adding 
sufficient sodium hydroxide solution to overcome the acidity of the meat and other 
substances used. Most media, particularly those containing sugars, become slightly 
more acid during sterilization with heat. Under the circumstances it is advisable when 
great accuracy is desired, to make a check titration upon a 5 to 10 ml. portion of the 
finished and sterilized medium which has been kept out for this purpose. The reaction 
may be satisfactorily adjusted to the proper pH by the use of a colorimeter. 

2. In the pH scale, acid reactions have values lower than 7 and alkaline reactions 
are indicated by numbers above 7. The symbol “pH” is a convenient measurement of 
hydrogen ion activity, and the numbers approximate the logarithm of the reciprocal 
of the hydrogen ion concentration. 

3. The pH of culture media is not increased or decreased in direct proportion to 
the amount of acid or alkali added. This is due to the action of buffer substances 
present in the media. 

4. Buffers are substances which tend to inhibit a change in the pH when acid or 
alkali is added to a solution. Such substances as peptone, meat extracts, and phosphates 
have this inhibitory quality. Because of the action of buffers, it is not possible to figure 
mathematically the exact amount of acid or alkali to add to obtain a certain lower or 
higher pH value. 

5. Indicators are substances which when added to a solution assume a definite 
color at a particular pH. A single indicator is useful only for a certain limited range 
of the pH scale. This extends from the pH at which color begins to change to the pH 
where the color change is complete; e.g. phenol red gives a yellow color in solutions 
with low pH (acid end-point); at pH 6.8 it is yellow but begins to change to a pale 
pink at pH 7 which is intensified until it has a deep red color at pH 8.4 (alkaline end- 
point). Further addition of alkali causes no color change. 

6. It is obvious that several indicators are required to cover the entire pH range. 
Those most commonly used are: 


Methyl red = red to yellow = pH 4.4 to 6.0 
Bromcresol purple = yellow to purple = pH 5.2 to 6.8 
Bromthymol blue = yellow to blue =pH 6.0 to 7.6 
Phenol red = yellow to red =pH 6.8 to 8.4 


Stock solutions of bromcresol purple and bromthymol blue are prepared in 0.04 per 
cent concentration in distilled water, methyl red and phenol red in 0.02 per cent con- 
centration. Methyl red is made up in undiluted 95 per cent ethyl alcohol, phenol red in 
a mixture of one-half N/100 sodium hydroxide and one-half 95 per cent alcohol. 

7. Bromthymol blue is employed most frequently for checking the pH of culture 
media since it has a range of pH 6 to pH 7.6. With this indicator the color is yellow 
at pH 6, yellowish-green from 6.2 to 7 and bluish-green at pH 7 which deepens to 
bright blue at 7.6. 

8. The optimum pH for most pathogenic bacteria is 7.0 to 7.6. 

Preparation of Indicator Solutions. 1. The dyes are purchased in powder form 
and are dissolved in distilled water or, when necessary, 95 per cent ethyl alcohol. Cal- 
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culate final concentration on the basis of dye content and not gross weight. Thus, if a 
0.2 per cent solution is desired of a powder with a dye content of 90 per cent, it is 
obvious that a solution containing 0.2 gm. per 100 ml. would produce a concentration 
of 0.18 and not 0.2 per cent. Calculation of the correct weight of dye to be added is, 
however, a simple mathematical procedure. Let x be the weight value to be determined. 
Since x is going to be greater than 0.2, the following relationship holds: 


3 POS BOO O16) 
90x = 20 
xX = 0.22 (gm. per 100 ml.) 


Therefore, it takes 0.22 gm. of a 90 per cent content dye per 100 ml. of diluent to 
make a 0.2 per cent solution. 

2. Aqueous indicator solutions are preferable to alcoholic solutions. However, most 
dyes do not dissolve easily in water, and some can be prepared only in alcohol. 


COLOR CHANGES OF THE INDICATORS OF CLARK, LUBS AND COHEN * 


Concen- 

tration 
Recom- 
mended + 


Molecu- 
Indicator lar 
Weight 


Full Full 
Acid Alkaline 
Color Color 


Sensitivity 
Range 


Metacresol purple (acid 
range) Red Yellow 
Thymol blue (acid range) Red Yellow 
Bromphenol blue ‘ Yellow Blue 
Bromchlor phenol blue ... Yellow Blue 
Bromcresol green Yellow Blue 
Chlorcresol green Yellow Blue 
Methyl] red : Red Yellow 
Chlorphenol red Yellow Red 
Bromphenol red Yellow | Purple 
Bromcresol purple Yellow Red 
Bromthymol blue Yellow Blue 
Phenol red Yellow Red 
Cresol red } Yellow Red 
Metacresol purple (alkaline 
Yellow Purple 


Thymol blue (alkaline 

range) Yellow Blue 
Cresolphthalein Colorless Red 
Phenolphthalein Colorless Red 


* Topics in Physical Chemistry, Baltimore, Williams and Wilkins Company, 1948. 
+ Per cent. For pH determination; not for incorporation into culture media where correct con- 


centration varies. in 
+ Approximate invert logarithm of apparent dissociation constant. 


3. The following procedure is recommended for bromcresol purple and bromthymol 
blue. (a) Place the correct quantity of powder in a glass mortar and add 1 to 2 ml. 
of 95 per cent alcohol. (&) Using a glass pestle, grind until no particles remain, add 
more alcohol if necessary. The volume of alcohol which has been added may be neg- 
lected in the calculation of final concentration. (c) Place the correct volume of distilled 
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water in a glass graduate and add a small volume to the mortar. (d) Pour diluted dye 
into a glass-stoppered flask or bottle in which the solution is to be stored. (€) Repeat 
the last step, using small aliquots of water, until all the water has been used. At this 
time the mortar should show little or no trace of the dye. 

4. Methyl red is practically insoluble in water. Therefore, it is dissolved in un- 
diluted 95 per cent ethyl alcohol; otherwise, its preparation is the same as in step 3. 
This solution must be tightly stoppered during storage. 

5. Phenol red. Prepare aqueous, N/100 sodium hydroxide solution in one-half the 
desired final volume. Use this solution for initial trituration of the powder and for 
washing out the mortar. Follow with an equal volume of 95 per cent ethyl alcohol. 
Thus, the final solution will contain one-half N/100 sodium hydroxide and one-half 
alcohol. 

6. When incorporated into culture medium, stock solutions of these indicators are 
prepared in 0.4 or 0.2 per cent concentration and added before autoclaving at a ratio 
of 1 to 150 so as to give a final dilution of 0.0016 or 0.0008 per cent. For determining 
pH of media, most workers prefer to use 0.04 or 0.02 per cent solutions and to add 
4 drops per 5 ml. of medium. 

7. Andrade’s indicator is prepared by dissolving 0.5 gm. acid fuchsin in 100 ml. 
of distilled water. Add N/1 sodium hydroxide until the color changes to pink, to 
brownish-red and finally to straw color (usually about 
12 ml.). Shake the reagent after each addition of the 
alkali. The indicator is colorless at pH 7.2. For use 
in culture media, add about 1 ml. per 100 ml. of 
medium. 7 

8. Alcoholic solution is necessary only for methyl 
red and phenolphthalein; for other indicators it is 
recommended that the color acids be converted into 
sodium salts by preparing neutralized aqueous solu- 
tions. For technic see Pure Culture Study of Bacteria, 
edited by the Committee on Bacteriological Technic 
of the Society of American Bacteriologists, 16, leaflet 
9, 1948, published by Biotechnical Publications, 
Geneva, New York. 

Colorimetric Methods. 1. Sets of standard color 
Fig. 155. La Motte hydrogen ion set. tubes covering any pH range can be purchased (La 

(Courtesy of Arthur H. Thomas Motte Chemical Company) already prepared, to- 
Company.) gether with empty tubes of the same diameter (Fig. 

155). Otherwise, color standards of the indicator can 
be prepared in standard buffer solutions (Sgrensen) to represent the shade of color 
obtained with a particular indicator at various points in the pH scale as follows: 

2. Prepare a M/15 acid or primary potassium phosphate solution by dissolving 
9.078 gm. pure crystalline KH.PO, in 1,000 ml. of freshly distilled ammonia-free water. 

3. Prepare a M/15 alkaline or secondary sodium phosphate by dissolving 
11.876 gm. of pure crystallized Na,HPO,:12H.O in 1,000 ml. of freshly distilled 
ammonia-free water. 

4. To make standard solutions of different pH concentrations in a graduated series 
mix the two phosphate solutions in the following proportions: 


re 
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pH 6.46.6) 6.8) 7.0] 7.1] 7.2 7.3174 7.5| 7.6] 7.7] 7.8] 8.0} 8.2] 8.4 


Primary potass. 
phosphate, mls|:73 \963 1-51) |-37 | 32.) 27 | 23) 190/15.8/13.21 11 | 8:8). 5.6) 3.2) 2.0 


Secondary sod. 
phosphate,ml.| 27 | 37 | 49 | 63 | 68 | 73 | 77 | 81 |84.2|86.8| 89 |91.2|94.4| 96.8 | 98.0 


5. Place 10 ml. of the medium to be tested in each of 3 test tubes. If agar is to be 
tested, it can be measured while liquid by cooling the tubes to about 50° C. Place 
these tubes in the second row of holes and opposite to the open window of the 
comparator (Fig. 155). 

6. To the middle tube add proper amount of indicator solution (approximately 
0.8 ml.). 

7. Place a tube of distilled water directly in front of this tube (front middle). 

8. In the 2 remaining front holes place the 2 indicator tubes whose color is similar 
to that of medium-indicator tube. 

9. Hold the block comparator up and viewing through the window toward a good 
light determine which standard indicator tube most closely resembles the unknown. 

10. To change the pH of a me- 
dium to another point in the pH scale, 
place the standard tube marked with 
the pH desired in the left-hand back 
hole and allow the other three tubes 
to remain in the same positions. 

11. Slowly and carefully add 
N/20 solution of sodium hydroxide 
drop by drop to the tube containing 
medium and indicator until the color 
matches the color standard tube of 
the desired pH. Note the amount of 
N/20 solution used. The addition 
should be made from a buret or pipet 
and carefully measured. It is neces- 
sary to mix at intervals during the 
addition of the sodium hydroxide, 
especially when approaching the end- 
point, in order to avoid adding an Fig. 156. Hellige colorimeter. 


excess. 

12. To adjust the bulk of medium it is necessary to add to it sodium hydroxide 
in the same proportion as used to adjust the sample tested. 

Suppose there are 2000 ml. of medium to be adjusted to a pH 7.6, and that it 
required 0.3 of N/20 sodium hydroxide to bring the tube containing 10 ml. medium 
and indicator to the same color as the standard tube marked pH 7.6. It would there- 
fore require 60 ml. of N/20 sodium hydroxide to adjust 2000 ml. of medium. The 
addition of this amount of N/20 would increase the volume too much, so it is better 
to add one twentieth of this amount or 3 ml. of a N/1 solution of sodium hydroxide. 
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The following is a simple method of calculation. Let A equal the amount of N/20 
required to adjust 10 ml. of the medium to the proper pH. 


A X 5=nml. of N/1 sodium hydroxide to add to each liter of medium 


For further details consult Clark’s comprehensive monograph on The Determina- 
tion of Hydrogen Ions, 3rd ed., 1928, Baltimore, Williams and Wilkins Co. 

CoLorep Gass STANDARDS. A convenient type of pH colorimeter for large labora- 
tories is the Hellige model (Fig. 156) containing permanent color standards as glass 
disks. The proper disk is inserted in the box and 10 ml. of medium added to the tubes, 
one of which contains the indicator. A wide range of pH values may be determined 
rapidly by using the appropriate disk. A standard solution of indicator must be used. 

GILLESPIE STANDARDS. Gillespie’s drop-ratio method (Soil Science, 1920, 9:115) is 
useful where there are no facilities for making standard buffer solutions and commer- 
cial color standards are not available. 


TABLE 17. PREPARATION OF STANDARD BUFFER SOLUTIONS.* 


Phthalate, NaOH Mixtures 


M/S KH Phthalate M/5 NaOH Dilute to 
pH ml. ml. ml. 
4.0 50 0.40 200 
4.2 50 O70 200 
4.4 50 fe5o 200 
4.6 50 WA IES} 200 
48 50 7/0) 200 
50) 50 23.85 200 
ee, 50 29.95 200 
5.4 50 35.45 200 
5.6 50 39.85 ' 200 
5.8 50 43.00 200 
6.0 50 45.54 200 
6.2 50 47.00 200 


KH,PO,, NaOH Mixtures 


Dilute to 
ml. 


* Mixtures giving pH values at 20° C. (from Clark). Manual of Methods for Pure Culture Study, 
10th ed, Geneva, N. Y., Biotech Publications, 1948, Leaflet IX, 6:10-11. 
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The method of preparing the standards consists in setting up pairs of tubes, con- 
taining stepwise proportions, of the full alkaline color and the full acid color of an 
indicator in such a manner that the resulting color of each pair, when properly viewed, 
represents a definite pH within the sensitive range of that indicator. 

A general idea of the arrangement and composition of the drop-ratio color stand- 
ards may be obtained from inspection of Table 17 in relation to the preparation of 
standard buffer solutions. 

Although alcoholic solutions of the indicator acids may be used, Gillespie recom- 
mends for accurate work the use of aqueous solutions of the indicator salts, except in 
the case of methyl red. Table 18, lower half, gives specifications for the recommended 
concentrations of seven of the indicator stock solutions. The exact concentration of the 
indicator solutions is not very significant in most bacteriologic work. 


TABLE 18. DATA FOR DETERMINING eH VALUE BY THE DROP-RATIO METHOD.* 


No. of Drops pH Value Represented by Each Pair of Tubes 
of Indicator 
Pair Brom fe Brom Brom Phenol | C | th , 
Alkali | Acid | phenol Men cresol | thymol oe HeeO ane 
tube | tube blue red purple blue red red blue 
1 1 9 Sal 4.05 5.3 6.15 6.7 fell 
2 2 8 310) 4.4 Doll 6.5 fel hes 
3 3 7 3.7 4.6 5.9 6.7 7.3 Tell 
4 4 6 3.9 4.8 6.1 6.9 US 7.9 
5 5 5 4.1 5.0 6.3 el lesfl 8.1 
6 6 4 4.3 52, 6:5 Hos) 7.9 8.3 
7 7 3 4.5 5.4 6.7 thes) 8.1 8.5 
8 8 2 4.7 5.6 6.9 hed 8.3 8.7 
9 9 1 5.0 5.95 7e2 8.05 8.6 | 9.0 


Data as to stock solutions 


Per cent concentration] 0.008 0.008 0.012 0.008 0.004 0.008 0.008 

of indicator salt or | salt in acid salt in | salt in | salt in | salt in | salt in 
in 95% | water water water water water 
alcohol 


Quantity N/20 NaOH 


to produce alkaline 
color 1 drop 1 drop | 2 drops 
Quantity N/20 HCl to 
produce acid color. | 1 ml. 1 drop | 1 drop | 1 drop 


* Adapted from Gillespie in Soil Science, 1920, 9:115. 


Select 18 test tubes of approximately the same diameter (12 to 15 mm.). They can 
be selected by adding 10.0 ml. of water to a large number of test tubes and choosing a 
lot in which the columns come to approximately the same height (i.e. + 1.5 mm.). 
Place these 18 tubes in two rows in a rack, 9 tubes in each row. To the left hand tube 
in the front row add 9 drops of the indicator solution, in the second tube place 8 drops, 
and so on to the last tube which should contain 1 drop. In the back row of tubes place 
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1 drop in the left hand tube, 2 in the next, and so on, up to 9 in the last (Table 19). 
Make up approximately N/20 stock solutions of NaOH and HCl (i.e. 0.2 per cent 
NaOH; 1 ml. concentrated HCl (sp. gr. 1.19) diluted to 240 ml.). Then, except in the 
case of those indicators for which different directions are given in Table 18, add one 
drop of the stock alkali solution to each tube in the back row and enough distilled 
water to bring the total to 5 ml.; thoroughly mix the contents of each tube. 


TABLE 19. DROP-RATIO COLOR STANDARDS FOR PH DETERMINATIONS.* 


Quantity of indicator solution to be added to each tube later to receive 
dilute alkali or acid and then brought to final volume of 5 ml. 


Acid tubes drops ** Alkali tubes drops ** 


1 9 
2 8 
s Z 
4 6 
5 5 
6 4 
7 Ss 
8 2 
9 1 


* Adapted from Gillespie in Soil Science, 1920, 9:115. 

** Tf more accuracy is desired use a 1 ml. pipet graduated in 0.1 ml. and use the specified number 
of tenths of a milliliter instead of drops in preparing these tubes. In this case each tube should be 
brought up to a total volume of 10 ml. instead of 5 ml. 


For approximate work, it is often possible to compare the Gillespie standards with 
the unknown by merely holding the two tubes of the standard in the hand before a 
source of light. For accurate work, however, a comparator block must be used, but one 
with six holes instead of four, so that a tube of the unknown solution (without indica- 
tor) can stand behind the pair of tubes of the standard. The tube of the unknown for 
comparison with the standard should contain the same amount of indicator as the 
sum of those in the two standard tubes, i.e. 10 drops per 5 ml.; this tube must be 
backed by 2 tubes of water to equalize the optical path through the standard pair. 

Determination of pH by Paper Strips. The use of litmus paper is an old proce- 
dure which has been generally replaced by newer and more accurate indicators. Many 
available commercial products which impregnate various types of paper with one or 
more indicators like Alkacid paper (Fisher Scientific Co.) are satisfactory for crude 
estimation of pH (0.3-0.4 pH variation). They are especially useful for the preliminary 
determination of the proper indicator to use in the more reliable comparator block or 
Hellige disk method. 

Electrometric Methods for Determining pH of Media. The determination of pH 
with a potentiometer or pH meter is a more reliable method than colorimetric proce- 
dures, especially with colored or weakly buffered solutions. The older types of poten- 
tiometers were cumbersome and required the use of a conversion scale, but the new 
pH meters record the reaction directly and are almost as easily operated as a colori- 
metric comparator. 

The fundamental potentiometric method is based upon the use of the hydrogen 


DETERMINING AND ADJUSTING THE REACTION 369 


electrode. Hydrogen acts as a metal when brought into electrolytic contact with an 
aqueous solution. Since an electromotive force exists between metal and ions of that 
metal in an aqueous solution, the concentration of H ions in the solution determines 
the strength of that force. Because of their relative simplicity, quinhydrone or glass 
electrodes are generally used. Detailed instructions are supplied by the manufacturers. 

The high degree of accuracy which can be obtained with a pH meter is not gener- 
ally needed for the preparation of culture media. The 0.1 to 0.2 pH accuracy range 
of colorimetric methods is adequate for this purpose. Therefore, the simpler and faster 
colorimetric methods are more practical for routine adjustment of the reaction of 
culture media. 

Methods for Determining Reaction of Bacterial Cultures. 1. Crude estimation 
of pH may be made by adding one or more loopfuls of indicator solution to 1.0 ml. 
aliquots of culture which have been transferred to small test tubes. 

2. Add the same amount of indicator solution to 1.0 ml. volumes of standard 
buffer solutions in similar tubes. 

3. By visual examination determine the standard tube most closely matching the 
unknown. By using aseptic technic this procedure may be repeated as needed. 

4. A simpler but cruder method is the spot-plate procedure which makes use of a 
white porcelain, blood typing plate with rows of concave depressions. Fill one of these 
depressions with distilled water, add aseptically one loopful of culture and mix with 
indicator-water solution. Estimate the pH by noting the resulting color and referring 
to the color chart for that indicator. This procedure has about the same degree of 
accuracy as the commercial pH paper strip method. The accuracy can be increased by 
placing 0.2 to 0.3 ml. of standard buffer solutions in other depressions in the blood 
typing plate, adding indicator solution, and thus making a direct color comparison. 

5. If an accurate determination is desired, the pH meter should be used. Inoculate 
at least 10 ml. of broth to allow sufficient volume for repeated determinations. Gen- 
erally, 3 ml. or more are needed for pH meter determinations although small cups for 
micro methods are available. Precautions must be taken when testing cultures of patho- 
gens. Handle culture aseptically. After use, immerse cup in disinfectant, boil in water 
or autoclave. Wipe off electrode with cotton soaked in strong formalin solution and 
then rinse thoroughly with distilled water. 

6. Commercial outfits for determining the pH of cultures are available (La Motte 
Chemical Co.). 

Method for Determining the Reaction of Cultures During Incubation. Changes 
in pH of broth cultures may be continuously observed by adding indicator solution to 
the medium before sterilization. This is especially convenient in the study of carbo- 
hydrate fermentation. 

1. Use broth base such as Difco purple broth (page 381) or a 1 per cent tryptose 
solution to which is added 0.5 per cent NaCl and 0.1 per cent disodium phosphate 
(also see carbohydrate broth, page 381). 

2. Add indicator solution, usually bromcresol purple, in final concentration of 
0.0016 per cent. 

3. Add desired carbohydrate to make a 0.5 per cent concentration before tubing 
for routine purposes, or after tubing and sterilization if careful determinations are 


needed. 
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4. For pH range of 5.2 to 6.8 use bromcresol purple in a final concentration of 
0.0016 per cent. 

For pH range of 6.0 to 7.6 use bromthymol blue in a final concentration of 0.0016 
per cent. 

For pH range of 6.8 to 8.4 use phenol red in a final concentration of 0.0008 per 
cent. 

5. Some workers still prefer the old Andrade’s indicator (page 364) which above 
pH 7.2 is colorless. Development of acidity is noted as a pink to red color. Add 1.0 ml. 
of stock solution to 100 ml. of medium: 


CLEARING AND FILTRATION 


1. Broth media should be as clear as possible so that subsequent growth of bacteria 
can be readily detected. 

2. Large particles may be removed by filtration through gauze. 

3. A thin layer of cotton between two pieces of gauze will 
Mi: hold back finer particles. Renew filter frequently to speed up 
WW filtration and avoid excessive loss of medium by using a thin 
Uf layer of cotton. 

4. Clear the medium by adjusting the pH to 7.4 to 7.6 and 
placing it in an Arnold steamer for 30 minutes at 90° C. or by 
bringing medium to the boiling point over a flame. 

5. Repeat gauze-cotton filtration. 

6. For final clearing it may be necessary to use fine filter 
paper in a fluted funnel (Fig. 157). 

; 7. If heat must be avoided, pass cotton-gauze filtered broth 
ale apie through a Seitz filter which also sterilizes the medium. 


(Courtesy. of Arthi 8. Agar and gelatin media must, of course, be filtered while 
H. Thomas Company.) hot. Use gauze-cotton. 


Fig. 157. Fluted glass 


STERILIZATION OF MEDIA WITH HEAT 
1. Culture media may be sterilized by (a) heat (autoclave, Arnold sterilizer or 
water bath) or (0) filtration. 
2. The minimum of heat should be used, as overheating may destroy growth-stimu- 
lating substances as well as caramelizing and hydrolizing sugars. 
3. Autoclaves should be equipped with thermometers, as the temperature is more 
reliable than pounds of pressure. In general terms the equivalents are as follows: 


SE POUNUSEPKCSSUTC eens a nae HORACE. (ARTI) 
LOSpoundsspressure see ee SAC, (CASON) 
Lom pounds. pressure ene eee 121.0°G, °(249.8-E,) 
ZO Pounds: PLeSsuncua ean ne 126.6°C. (258.8°F.) 
Zoe DOUNCSEDTCSSULCE eee 130,45 GQo6u/e He) 
s0spounds pressure se ee eye, (Aiea Ia») 


4. Two kinds of autoclaves are available: (a) the upright for small laboratories 
and (0) the horizontal for larger laboratories. Heat is supplied by gas, electricity or 
direct steam under pressure. Connection with a steam pressure line is the best method 
but a reducing valve should be incorporated in the line as a safety factor. 
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5. Tubes containing no more than 10 ml. of medium, fluid or solid, may be steril- 
ized at 116° to 118° C. for 12 minutes. This minimal amount of heat is particularly 
desirable when sterilizing carbohydrate media. Larger volumes should be heated at 
121° C. for 20 minutes. 

6. Allow time for agar to melt before timing the period of sterilization and do not 
close valve until temperature has reached 100° C. All air must be removed in order to 
eliminate air pockets. Allow autoclave to cool before opening the door, as a sudden 
release of pressure may wet or blow the stoppers and crack glassware. 

7. The Arnold steamer is an inefficient method of sterilization. By careful manage- 
ment the autoclave can be used more conveniently for fractional sterilization and for 
sterilization of coagulable protein media. The Arnold steamer is convenient, however, 
for melting solid ingredients in the preparation of media and for the heating step 
preliminary to clearing broth. 

Fractional sterilization should be carried out at 90° to 100° C. for 60 minutes on 
3 successive days. Once it was thought that this method was to be preferred for steriliz- 
ing carbohydrate broth, but it is now known that as much hydrolysis occurs with this 
procedure as with autoclaving at 116° C. for 12 minutes. 

8. Water bath sterilization can be used for small amounts of serum, ascitic fluid 
or tissue extracts, and coagulation of the protein avoided, providing spores are not 
present. Heat at 65° to 70° C. for 30 minutes. The material should be as free as pos- 
sible from contamination. 

9. Inspissation is a special form of water bath sterilization. Inspissators are de- 
signed to hold test tubes in a slanting position so that after the protein in the medium is 
coagulated by heat the surface is like that of an agar slant (Fig. 163). Inspissation is 
the preferable method for sterilizing Petragnani and Lowenstein media (page 396). The 
materials should be obtained and the medium put together as nearly aseptically as 
possible. 

10. As an emergency measure broth media may be placed in boiling water for 10 
minutes. Unless relatively resistant spores are present, sterility will be produced. This 
method should never be resorted to, however, unless the bacteria to be inoculated are 
nonsporulating so that spore contaminants can be detected if necessary. The water 
should be above the level of the fluid to be sterilized. 
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1. Solutions of carbohydrates, urea, amino acids and other thermolabile materials 
may be sterilized by filtration. This is the only method for sterilizing grossly con- 
taminated serum and ascitic fluid without coagulation of protein. 

2. Filtration, however, is time consuming, requires expensive filters and trouble- 
some cleaning, and results in the loss of varying amounts of material by absorption. 
Filtration methods must be carried out with care to avoid breakage and contamination 
of the filtrate. 

3. The filters are made of: (a) diatomaceous earth (Berkefeld), (0) asbestos 
(Seitz), (c) unglazed porcelain (Chamberland and Selas) and (d) sintered glass 
(Pyrex). Collodion membranes may also be prepared to separate bacteria from fluid 
menstrua, but their use is generally restricted to research purposes where measure- 
ment of particle size is desired. 

4, Filtration is accomplished by suction and/or pressure. A differential pressure 
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of 15 to 20 cm. of mercury is ordinarily sufficient providing the fluid, if turbid, is first 
passed through filter paper. Filters are connected to a sterile flask with a side-arm or 
to a tube equipped with a 2-hole stopper permitting connection with a suction line. 


Fig. 158. A water 
suction pump. 


(Courtesy of 


Arthur H. 


Thomas Com- 


pany.) 


5. Satisfactory suction may be obtained with a water faucet 
suction pump of the type shown in Fig. 158 providing the water pres- 
sure is adequate. An electrically operated vacuum pump is preferable, 
but the suction line should have a T connection leading to a monome- 
ter so that the amount of vacuum can be measured and regulated. 

6. Berkefeld and Mandler type filters (Fig. 159) are widely em- 
ployed. The disadvantage lies in the fact that the filter cannot be 
cleaned by heat in a muffle furnace because it is attached to a metal 
collar. After use, flush with water to remove protein and disinfect, if 
necessary, in boiling water or by autoclaving. Then scrub with stiff- 
bristled brush. Connect filter to a flask and draw through 100 ml. of 
0.5 per cent potassium permanganate solution, followed by the same 
volume of 1 per cent oxalic acid and finally a large volume of distilled 
water until the washings are neutral to litmus paper. 


7. Seitz filters are metal with a filtration unit consisting of a disposable asbestos 
pad supported by a wire mesh screen (Fig. 160). This absorbs considerable fluid which 
is the principal disadvantage of the Seitz filter. 
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Fig. 160. 


Fig. 159. Sectional view Fig. 160. Seitz- 
of Mandler filter cyl- Uhlenhuth 
inder, filter. 


(Courtesy of Arthur H. Thomas Company.) 


8. The Chamberland and Selas porcelain filters may be cleaned by flushing with 
water followed by heating in a muffle furnace. The original Chamberland type is, 
however, difficult to use since it must be mounted in a rubber stopper by wrapping 
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the glazed end tightly with cotton. The new Selas filter * (Fig. 161) is equipped with 
suitable rubber connections and is very satisfactory. It is desirable, but not essential, 
to clean this type of candle with permanganate and oxalic acid solutions and to flush 
with water before placing it in a muffle furnace. 

9. Fritted or sintered glass filters (Fig. 162) do not absorb materials and are, 
therefore, particularly suited for the filtration of small volumes. They are broken 
easily, however, and are quite expensive. They cannot be cleaned with permanganate 
which is adsorbed onto the glass. Instead, it is best to draw through 100 ml. of N/1 
sulfuric acid containing 1 per cent sodium nitrite, followed by distilled water, until 
the filtrate is neutral to litmus. 


Fig. 162. Fritted or 
sintered glass bac- 
terial filter. 


(Courtesy of Ar- 
thur H. Thomas 
Fig. 161. Selas bacterial filter. Company.) 


10. Candles other than the Seitz should be tested occasionally for defects. The 
manufacturer’s literature contains statements as to the water bubbling pressure ex- 
pected with each porosity of filter. Immerse in a pan of water and connect with air 
pressure line containing a manometer. Note the pressure at which bubbles of air appear. 

11. When new filters are received the chalky deposit is removed from the outside 
by scrubbing gently under running water with a fine brush (nail brush) which has not 
been used with soap. The filters are then boiled for 5 minutes in distilled water 3 
times. This tends to neutralize the filters and to cleanse them. 


PREPARATION OF CULTURE MEDIA 
General Directions. The preparation of bacteriologic culture media is fundamental 
to all bacteriologic work whether routine or research. Much of the care and skill which 
goes into the preparation of food for human consumption should go into the prepara- 
tion of culture media for bacteria. Media rooms should not be located in a dark and 


* Selas Corporation, Erie Ave. and D Street, Philadelphia, Pa. 
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dusty basement, as is often the case, but should be modeled on a modern kitchen. 
The media maker should be trained in the principles of physics and chemistry as well 
as bacteriology. 

1. Follow directions exactly. Weigh ingredients carefully and keep scales in good 
condition. Use only distilled water. 

2. Use only the type of chemical or ingredient which is specified. If hydrated 
salt is designated in the formula, do not use the anhydrous form without correcting 
the amount. 

3. Use only hard glass or enamel containers. 

4. Adjust pH before final filtration: Do this before addition of agar or gelatin 
so that precipitate which may appear can be removed more readily. Check reaction 
again after agar or gelatin has been added and dissolved. 

5. Use minimum of heat for sterilization. 

6. Reduce evaporation during storage by keeping stock supplies of media in screw- 
capped tubes or rubber-stoppered flasks. 

7. Most media lose full effectiveness upon storage, but harmful effects can be 
reduced by storage in a cool, dark place in tightly stoppered containers. 

8. Heating old media in boiling water for 5 minutes will often restore good growth 
qualities by driving off dissolved oxygen and thereby reducing the oxygen tension. 

Dehydrated Media. Small laboratories will find many dehydrated media, pro- 
duced commercially by such companies as the Difco Laboratories and the Baltimore 
Biological Laboratory, convenient and generally highly satisfactory. Although they 
are more expensive than homemade media, they have the advantage of simplicity and 
are particularly valuable when only small amounts are required at one time. As shown 
later they are frequently recommended or preferred for certain purposes. 

Beef Extract Broth (General Purpose). For cultivation of the less fastidious 
organisms: 


Re ptOn et 285 Sane ce Al ta See op an rece eee 10 gm. 
Beef extract*:2.. +. 22 ss Ga ee ne ee 3 gm. 
Sodiumpchlorides as. tse ee ee Oe ee 5 gm. 
Distilledewaten*: 2.5 sGioats he cs aeeee Lot ee ee OR eee 1000 ml. 


Heat in Arnold steamer to dissolve. Adjust to pH 7.6. Autoclave at 121° C. for 
15 minutes. 

Beef Extract Agar (General Purpose). For cultivation of less fastidious organ- 
isms and maintenance of stock cultures: 


Beetrextract prone ee eee BPA AN ae RRO. owes Ai 1000 ml. 
Near tacts Set oth eet fe Mee U0 8 Peel es 15 gm. 


Dissolve in Arnold steamer. Adjust to pH 7.6. Sterilize at 121° C. for 15 minutes. 

Nutrient Broth. For the bacteriologic examination of water (Standard Methods 
for the Examination of Water and Sewage, 9th ed., New York, American Public 
Health Association, 1946, p. 185.): 


BactOnDeeivextlaGhy . hiss. eee eee ee 3 gm 
Bacto PeptOMe: 2.5..cc/ee shares ae soe LO Re 5 gm. 
Wistilledewater =e). ok a ee ee 1000 ml. 


Dissolve in Arnold steamer. Adjust to pH 7.2. Autoclave at 121° C. for 15 minutes. 
The prepared dehydrated medium may be obtained from Difco Laboratories, Detroit. 
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For use in the bacteriologic examination of water, add 5 gm. lactose and 10 ml. 
of 0.16 per cent bromcresol purple solution per liter. 
Nutrient Agar. For bacteriologic examination of water: 


9 ER RR eel, ey anal lw Mea i” sake Ona Oe 1000 ml. 
JN eh pine Neh dg Fai Aad eS ts MRSA 5 tua ee gO rae tee 15 gm. 


Dissolve in Arnold steamer and adjust to pH 6.8. Autoclave at 121° C. for 15 
minutes. 

Motility Medium. For the determination of bacterial motility. This medium may 
be used to supplement or replace the usual hanging drop microscopic method (Tittsler 
and Sandholzer. J. Bact., 1936, 31:575): 


Tryptose, Difco 


Pe prea Te Scr ht ae ED a rn R400 
Becigextiacteaewrtrrct tees. ta EAE Oe ee 3 gm. 
ANZA ie 5 ie hcg | SR RRR RRR yc RL Der eR Cs 5 gm. 
Wishilledewaterewey eset Got disci t ace nae ae 1000 ml. 


Dissolve with heat, adjust to pH 7.4 and dispense in 5 to 6 ml. volumes. Autoclave 
at 121° C. for 15 minutes. 
Brain-Heart Infusion Broth. General purpose medium for fastidious organisms: 


(CEE lOve ims TAURbIS FOyN ANTON, scien ie Wola btominn od tacone used 200.0 gm. 
IBecigneabiaminiGs Ona LOM nt Relate ena rnil on 250.0 gm. 
ETOLEOSERDEP LONE se ILCOpm ae eia c merece ss 2 yayass 1 ison eee 10.0 gm. 
(GTC OS Cate ieee erga ear meet tere tie areke RAckeatt eee RSMeans 2.0 gm. 
Syorehtuinn Yeelloyeverc aoe em Sen ne ater ot hace etait 5.0 gm. 
IN Gin) BU EXO) Ole Se Ore aan, Bo, ey Ata a eatenay eros ieee cas 2.5 gm. 


This medium should not be made in the laboratory but obtained in dehydrated 
form from Difco Laboratories. Dissolve 37 gm. in 1000 ml. distilled water. Final 
reaction is pH 7.4. 

Brain-Heart Infusion Agar. General purpose medium for fastidious organisms: 


Biaineheatte iis One Drone ee eee te eee eee ee ee 1000 ml. 
eee BOY, BUR hod Bort soy Ae en ae Ae rte CRE OTT et 15 gm. 


Dissolve agar in Arnold steamer No adjustment of reaction is necessary. Autoclave 
aUizi oC, tor 15 minutes. 

Veal Infusion Broth. A homemade infusion for general cultivation of fastidious 
organisms, adapted from the medium of Wright (J. Path. & Bact., 1933, 37:257): 


WGA ICA Aer tein Pat woes Sake oooh otis tee 500.0 gm. 
IBrOLEOSeRPEDLONe MLITCO Metra a. mile eget nena ene 10.0 gm. 
‘Syoraktosaay Mela opei Kaley hey les ceo MIO aay bo Oo oat 5.0 gm. 
(GUC OSC ee ew Gente te rcrrrate rou nus eaciagch tt nection 1.5 gm. 
Cysreiiec Clit feckeicd aatipus ts fo ohn, Mee ee aw oUO Mietis 
IDistilledawatetiacwittetwiat aoe or ca eh see ene ae 1000.0 ml. 


To 1000 ml. of water add peptone, sodium chloride and finely ground meat from 
which gross fat has been removed. Mix well and heat for 20 minutes over open flame 
at 65 to 70° C. with frequent stirring. Shake well and place in Arnold steamer at 90 
to 95° C. for 30 minutes. Filter through gauze, gauze-cotton and finally through 
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coarse filter paper. Adjust reaction to pH 7.8. Add glucose and cysteine HCl. Check 
pH and readjust if necessary. Steam again for 30 minutes and filter through fine paper. 
Autoclave at 116° C. for 12 minutes if medium is dispensed in volumes of 10 ml. or 
less, or at 121° C. for 15 minutes if in larger voluines. 

If this broth is not used within 2 or 3 days after preparation, place tubes in boiling 
water for 5 minutes to drive off dissolved oxygen and cool quickly with minimum 
of shaking. 

Veal Infusion Agar. A homemade infusion for general cultivation of fastidious 
organisms: 


WME Gay loool aia de ona dodo acd ssh ore wad 1000 ml. 
Te) ean es A Oe OS ee MBM, SRR Wath AO REIN be 5 eta ee 15 gm. 


Dissolve in Arnold steamer. Autoclave at 116° C. for 12 minutes if medium is 
dispensed in 10 ml. volume or less, otherwise at 121° C. for 15 minutes. 

When used as a base for blood agar the glucose content of the broth base should 
be reduced to 0.3 gm. per liter (to avoid inhibition of hemolysis) and 20 mg. of para- 
aminobenzoic acid should be added. 

Infusion Broth. For rapid and luxuriant growth of fastidious bacteria such as 
Group A streptococci and pneumococci. Prepared according to the method of Todd 
and Hewitt (J. Path. & Bact., 1932, 35:973) as follows: 


BactosbeeiDifcovsietss 1. tds ieee ee, eee 50.0 gm. 
Rroteosespeptone sDitcom eer ee a eae ee : 20.0 gm. 
CHNCOSE Hus. Sac ap Hteor ey els a Ri ate eee 2.0 gm. 
Nas POs el 2 Ee Oa ie ee ane ake eee ar ae 1.0 gm. 
INGE CO yeeros Seer ser ety ae ey eee 3.2 gm. 
Sodium®chlorides pes “eth t cage a eee 2.0 gm. 
Distullediwaterecwat. tn Ae ee Cer eaee ee e e 1000.0 ml. 


Add Bacto beef to water and infuse overnight at room temperature. On the follow- 
ing day place in Arnold steamer and gradually raise temperature to 95° C. Steam for 
2 hours. Cool to 70° C. and filter through gauze and then coarse filter paper. Cool to 
50° C. and add solid ingredients. Adjust to pH 8.0 with NaOH. Let stand in refriger- 
ator overnight. Filter through fine filter paper and sterilize by Seitz filtration. Dispense 
aseptically. 

Blood Agar Base. A satisfactory noninfusion medium for general culture purposes 
and, upon the addition of blood, for primary isolation of pathogens. Prepared according 
to the method of Casman (Am. J. Clin. Path., 1947, 17:281) as follows: 


Bactorthyptose an eee ohn: BEE Ae et oo gha ale eee ema 20.0 gm. 
Beehiextract ice: a kee 3.0 gm. 
Sodiumtchloridet. n=. cacess Sesh ee ee eee 5.0 gm 
CELUGOSC ae. seth cai ok Secret ston, Oar tee 0.3 gm 
TS) EX CLINE telat Rete face cts | uc 0.5 gm 
Pata-aminobenZoiGed Claes sent sence 20.0 mgm 
[NEES Ree eee OOP ON Sl Se al 15.0 gm. 
Mistilledawater sy alent chars ee . 1000.0 ml. 


Heat in Arnold steamer to dissolve. Adjust to pH 7.4. Autoclave at 121° C. for 15 
minutes. Before use, melt and cool to 45° C. and add 5 per cent blood. 
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Blood Agar Base (Infusion). For preparation of blood agar plates: 


DACLOMDEeIRHeAUNsINIUSION gee cee ees, Teel co 500 gm. 
BACCOmtUny OSC meee thea cs, SO Stewed a ae a et 10 gm. 
Soditinechlondesracn,.1i.. \ ts Sy Aen eee. There se tos 5 gm. 
PNR VaOMO OVA BC 5 oagcacnacueacatansnvoaees 20 mgm. 
ING AEA ayia ORTON eo Hg", tog nd DAP EN BI, Geshe Bye 15 gm. 
Distiledgwaterseeemy <cs...f eee pene ne we. weer 1000 ml. 


Heat in Arnold steamer to dissolve. Adjust to pH 6.8. Autoclave at 121° C. for 15 
minutes. Before use melt, cool to 45° C. and add 5 per cent blood. The prepared 
medium without para-aminobenzoic acid may be obtained in dehydrated form from 
the Difco Laboratories, Detroit. 

Blood Agar Base (Trypticase-Soy). For preparation of blood agar plates: 


RLY DUCASe w= Utara eet eee eo, oe eer 15 gm. 
Phy toner Daas Mews ete wav a Cen. 0 tie tere oer aee, 5 gm. 
Sodimmchlordeye pera eee kes ae hee pee 5 gm. 
\Pehealey navnaxay xjeVAOe AKO AE Bae es eee Che aan s | 20 mgm 
Baie Ob \ dy 5 Bees pets kee coh RO et oe tee crear ei Ea 15 gm. 
DISTILLER RWATET Mee met fer te Uke hye pene ae arta Se ae eel 1000 ml 


Heat in Arnold steamer to dissolve. Adjust to pH 7.4. Autoclave at 121° C. for 15 
minutes. For use, melt and cool to 45° C. Add 5 per cent blood. The prepared medium 
without para-aminobenzoic acid may be obtained in dehydrated form from the Balti- 
more Biological Laboratory, Baltimore. 

Beef Heart-Pancreatic Digest Medium. An excellent sugar-free infusion broth. 
Prepared according to the method of Brown (J. Bact., 1948, 55:871) as follows: 


Beetheartcrresie leanne Or en. eee 250 gm. 
Socliumechloridemamc ees fee me heya SO Pe wer 5 gm. 
WISER WALCIMEN nt tet st Ret eet a) cs ee nee 1000 ml. 


Warm to 50° C. and add 2.5 gm. of pancreatin previously stirred into a cup of 
water. With occasional stirring allow digestion to continue for 2 hours at 50 to 56° C. 
Strain through 2 layers of cotton-gauze. Boil for 5 minutes. Filter through coarse filter 
paper. Restore volume to 1000 ml. Adjust to pH 7.6. Bring to a boil and filter through 
fine paper while hot. Check the pH and readjust if necessary. With the addition of 
1.5 per cent agar this medium is a good base for blood agar. Autoclave at 121° C. for 
15 minutes. 

Blood Culture Medium (Tryptose Phosphate). 


BUCO OAM SUOMI OWKOY ee ean me con coe owdbe duc. te 20.0 gm. 
(GTCOSC MPN n eee Ts Te ovine hogs, hous dpe analog a teraaee 2.0 gm. 
SOGIUTIACHIOTICG mie ate: ree ame Loach hy perma sss maha 5.0 gm. 
INGSELPO Ze LZ EO ee pala ae cAiplge FL g ay ager. 2.5 gm. 
AGA pire tee MOM MS Cnt ne city aah ts & hc Nigeria Nea Lies 1.0 gm. 
PR AVANDIA QO! niconurwyeovasuaseweonecws 20.0 mgm. 
Diabilledtnwatermeae a tia kewin tthe. ipacke Patea en a as 1000.0 ml. 


Dissolve ingredients in Arnold steamer. Adjust reaction to pH 7.4. Autoclave at 
121° C. for 15 minutes. It is recommended that small laboratories use Difco’s dehy- 
drated tryptose phosphate broth and add the agar and para-aminobenzoic acid. Do not 
omit agar since the agar particles serve to reduce oxygen tension of the medium. 
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Blood Culture Medium (Brain-Heart). 


Brameheartiniusion broth, WiiCOlenmars errr ereee 1000 ml. 
INGA AM ieee Bee ober ty cate hf prea eee eer ge eee 1 gm. 
Pata -aminoODeCNZOlGr aC Cmey eer ese re ae ee er 20 mgm. 


Dissolve in Arnold steamer and autoclave at 121° C. for 15 minutes. 
Blood Culture Medium (Trypticase-Soy). For general isolation of pathogens 
and particularly of brucella: 


try pticase: B=B 1. Sh ah tick ee eee Bae tte eee 17.0 gm. 
Rhy tone b= B= Urge eee EES attack a Oe err 3.0 gm. 
SOcLuUMUr Gh OLIde Rumors man: se tee ete ee oe: 5.0 gm. 
RPO Gene oe pte hee oh et eae ne ercceei, DiS (00 
(GING OSET ET ae eee ea re eerie cea DoS (B00 
[PEveehooaOlaAne ACK es asoucnccddcvapoboqaase: 20.0 mgm. 
NAT lee REO yore Coe aR NR ER gre 1.0 gm. 
Distillediewatele cote we erent ee ee ee ee eee 1000.0 ml. 


Dissolve ingredients in Arnold steamer and adjust to pH 7.4. Autoclave at 118° C. 
for 15 minutes. A convenient method for preparing this medium is to obtain dehydrated 
trypticase phosphate broth from the Baltimore Biological Laboratory and to add agar 
and para-aminobenzoic acid as indicated previously. 

Blood Culture Medium. An excellent medium for blood cultures and satisfactory 
for brucella, but has the disadvantage of containing solid meat particles and a turbid 
supernate (Kracke, modified) : 


Kracke blood culture medium, Difco ................. 75 gm. 
y NEE Nae ts ee tet eM MO ea eh Ai BOR Mey ee Gaal, < Hees ek a 1 gm. 
[PavieiceNadUUMO/OIOVAIS BOWE! op a gheacedegabasvecatenocber 20 mgm. 
Distilledewatertiyss week aA eet ee ee 1000 ml. 


Suspend ingredients in water for 15 minutes with frequent shaking. Heat in 
Arnold steamer at 95° to 100° C. for 20 minutes to dissolve agar. Check reaction 
which should be pH 7.6. Autoclave at 121° C. for 15 minutes. Allow pressure to drop 
slowly; otherwise medium may boil over. If this medium is not used on the day of 
preparation, it should be placed in boiling water or in the Arnold steamer for 5 minutes 
and cooled quickly without shaking just before inoculation. 

Cooked Meat Medium. For primary isolation and cultivation of anaerobes: 


Weanvbceimon.vealunea eae ae eee 500 gm. 
Proteose peptone: Difcoae assess eee ee ae 20 gm. 
GIUGOSCME Bin 1G, ch eek ete a ges Oe Le eee aos 2 gm. 
Sodiumchloride! = 44.2: pee cee eee 5 gm. 
Distilled watereet..)2 68 ee eee eet ee eee 1000 ml. 


Cut 500 gm. of lean beef or veal heart into small cubes and cover with distilled 
water. Bring to a boil and simmer over a low flame for 1 hour. Strain off and set aside 
the fluid infusion. Pass the meat 3 times through a meat grinder and break up the 
particles by rubbing them between the hands. 

To the fluid infusion add sufficient distilled water to make 2 liters. Add solid 
ingredients, dissolve with heat and mix with the meat. Add N/1 sodium hydroxide 
until the reaction of the supernatant fluid is pH 8.0. Mark fluid level with adhesive 
tape. Autoclave for 15 minutes, Readjust the reaction to pH 8.0. Boil for 10 minutes. 
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Restore the volume with water and readjust the reaction to pH 8.0. Boil again for 
10 minutes. Restore to volume again and, if the reaction is higher than pH 7.4, 
readjust to this reaction. 

Distribute in tubes, keeping the mixture well stirred so that there may be a 
uniform deposit of meat particles in each tube. Sterilize in the autoclave at 121° C. 
for 15 minutes. Check the final reaction which should be about pH 7.1. The repeated 
adjustment of reaction and boiling is necessary because the supernatant fluid contains 
little buffer whereas the meat particles slowly take up large amounts of alkali. The 
reaction of the mixture is difficult to stabilize. 

Cool rapidly without shaking and seal tubes with melted paraffin if the medium is 
not to be used the same day. If abundant spore formation is desired, glucose should 
be omitted from the formula. 

A convenient and satisfactory substitute is the dehydrated cooked meat medium 
prepared commercially by Difco Laboratories. 

Fluid Thioglycollate Medium, Bacto. For sterility testing of biologics and anti- 
biotics; also for the general cultivation of anaerobes: 


Bacto fluid thioglycollate medium, dehydrated ....... 29.5 gm. 
Wistilledhwavers, ee.s vk eco ahh RA ery tee 5 | ae ae 1000.0 ml. 


Thoroughly dissolve ingredients in Arnold steamer at 95 to 100° C. Tube in 15 
ml. amounts. Autoclave at 121° C. for 20 minutes. 

This medium conforms to the specifications of the National Institutes of Health 
for sterility testing of biologics, and for sterility testing of antibiotics as recommended 
by the Food and Drug Administration (Federal Register, 1947, 12:2221). Refer to 
Difco Manual for amount of medium necessary for neutralization of chemical preserva- 
tives. 

If more than one third of the medium is oxidized (pink color), place tube in boiling 
water or Arnold steamer for 5 minutes. 

Thioglycollate Medium, Modified Brewer. Similar to bacto thioglycollate medium 
and for the same purposes. The dehydrated product is available from the Baltimore 
Biological Laboratory. 

Anaerobic Agar. For the isolation and separation of mixed cultures of anaerobes 
when the anaerobic jar technic is not available (Baltimore Biological Laboratory) : 


Anaerobic agar, dehydrated, B-B-L .........4...... 53 gm. 
Para-alMino WENZOlGraGl Cisne sense 5 ee en eae eee 20 mgm. 
Distilled tiwavcram eee: 1 he ees en ee eee 1000 ml. 


Add powdered base to the water, allow to soak for 10 minutes and mix thoroughly. 
Place in Arnold steamer or water bath and gradually raise temperature to boiling. 

Dispense in 150 X 25 mm. tubes as 15 to 20 ml. aliquots. When needed, melt agar, 
cool to 45° C. and add 0.7 to 1.0 ml. of blood. Pour into petri plates. After medium 
has hardened, replace usual petri plate cover with a sterile Brewer anaerobic petri 
dish cover (Science, 1942, 95:587) obtainable from the Baltimore Biological Labora- 
tory. This cover is essential for use of B-B-L anaerobic agar in petri plates. When 
inoculating such plates be careful to leave unstreaked periphery so that glass ridge of 
the cover does not rest on inoculated agar. The area inside the ridge should remain 
colorless (reduced). 
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Stock Culture Medium. For the maintenance of stock cultures of the less fastidious 
bacteria: 


Beekextracts Dit opercs-c cc .ckertere ere aa aR eve eka 3 gm. 
PLry DLOSC seit COM sa: edie har oe alee ae RS eae 10 gm. 
Solublesstarch 4: aess cece cote sen a eee eee ene ey: 5 gm. 
Sodium: chlorides sears (Lo ie er Oe ee 5 gm. 
KE EEPROM) 2 Ae oc goo ate Mae TON te Pa ree 2 gm. 
Gelatin in rel a os Oe ae See tes 10 gm. 
A ra reeds See ik ore ean oe. i Ael s P n pa gee eo gy, Meee ert 7 gm. 
Distileduwaterueren.. = dees ee ee Corgan eat ramon trate 1000 ml 


Dissolve solid ingredients in boiling water or Arnold steamer. Adjust to pH 7.4. 
Autoclave at 121° C. for 15 minutes. 

Cystine Trypticase Agar. For the maintenance of stock cultures of fastidious 
organisms, for motility testing and as a base for fermentation tests: 


CalyAy dehydrated 4 B-B=Ijea nese een ea 29.5 gm. 
Distilledswaterv ere ire Poe acp mets ee ee en ee 1000.0 ml. 


Dissolve powder (Baltimore Biological Laboratory) in the water in Arnold 
steamer. Add 0.5 per cent carbohydrate if medium is to be used as base for fermenta- 
tion tests; the pH should be 7.3. Autoclave at 115° C. for 15 minutes. Do not attempt 
to make slants. Store at room temperature. 

Trypticase Soy Agar. For general use and for storage of stock cultures as agar 
slants. A good medium for the isolation of brucella according to the method of Mc- 
Cullough (Am. J. Publ. Health, 1949, 39:866): 


ELEY pticase..D-B=Un, a eaiite eto oreo eee hoe ee 15 gm. 
Phytone, B-B-L ........ Ss RAN apres ora Gat ARO id th 5 gm. 
Sodiumchloride: ffs, fae te ce ee gee 5 gm. 
A DAT Pease etanisy (et x, NTH eigen A ie I YM, 15 gm. 
Distilled: wateriew c= eye awn to. ok By een ee ee 1000 ml 


Dissolve solid ingredients in the Arnold steamer. Adjust to pH 7.3. Autoclave at 
118° C. for 15 minutes. The dehydrated medium may be purchased from Baltimore 
Biological Laboratory. It is recommended that cultures carried on agar slants of this 
medium be covered with Parke-Davis mineral oil to prevent evaporation. 

Trypticase Soy Broth. A good fluid medium for the general cultivation of patho- 
genic bacteria. Recommended by Benedict and Stodola (J. Bact., 1948, 55:286) for the 
agar diffusion assay of polymyxin: 


EREYDLICase, B= B=Lities 695.8 eee eel ns ae 17.0 gm. 
Phytones: B-B-Ls t,o eee 3.0 gm. 
SKoshiutnay. Clatloyneleen anne eke cakes etas cack blonde 5.0 gm. 
GUO. ee Cee ve R i ont 2.5 gm. 
GI COSC Ree ries. che ecas eis s 0,3, eRe on Ae ee 2.5 gm. 


Distiledizwaterae.-.24.>.5. 


Dissolve in Arnold steamer and adjust to pH 7.4. Autoclave at 118° C. for 15 min- 
utes. This medium may be converted to a semisolid medium by the addition of 1.0 gm. 
of agar per liter, 
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Purple Broth. Base for fermentation tests employing fluid medium and especially 
applicable to the study of the enteric bacilli: 


BCCI CUT A COMME mi. avhe ck en me RN ae ne 5 1 gm. 
P¥eteose peproneyNO<s, Dilco’.. feat ea ee 10 gm. 
Soditimeéchlonde Seed ar alee... teen ee aes 5 gm. 
DVOMETESOlE DULDIEMs ek arts ook ante ee anes 16 mgm. 
Carbohydrate maar Penta ccc ai ueee te hc trate. ue 5 gm. 
Distilledkwateretee seek aol nl. coh eR ek eet OOOrtale 


Dissolve solid ingredients in Arnold steamer. Adjust to pH 6.8. Autoclave at 118° 
C. for 12 minutes providing tube volume does not exceed 5 ml. After the medium is 
tubed and before the tubes are plugged, place in each a small inverted tube (Durham 
tube) for the detection of gas. The dehydrated medium may be obtained from the Difco 
Laboratories. 

Carbohydrate Broth (Tryptose). For fermentation tests with fastidious or- 
ganisms: 


ELEY PtOSe me DECOR ee wrth ti 2th aera AA ten Red MN 10 gm. 
IBecigextractwemie Mac oats ie ol rea Meera Saye J 3 gm. 
Distilledswaterid anes cet es Aenean ke a 1000 ml. 


Dissolve solid ingredients in Arnold steamer and adjust to pH 7.2. Add: 


Bromeresolapunplen(Or4 percent) ae ee eee ae ea ee 4 ml. 
@arpouy Grate erm ak eh Genet wae oe oth Soe an sempre Maen 5 gm. 
Tube in 3 ml. volumes with small inverted Durham tubes. Autoclave at 115° C. for 
12 minutes. 
Anaerobic Fermentation Medium. For use without anaerobic jar: 
Use Baltimore Biological Laboratory’s thioglycollate medium without glucose. 
When using an anaerobic jar, heat tubes of carbohydrate broth (page 381) or 
cystine trypticase agar (page 380). Cool quickly, inoculate and place promptly under 
anaerobic conditions. 
F. D. A. Broth. For the testing of disinfectants: 


lerebio;sebeetmex tracts man al siian mente: eta ares eeeninee 5 gm. 
ATINOULSs PEDO Es santa enn ie AS Rete eee eee 10 gm. 
Sodiumechloridepie, greet OAs a tuck chy en oeta toe es eaenee 5 gm. 
istic Wate benny tie es ee oN a, URN ale Lee Rie ore ie 1000 ml. 


Dissolve in Arnold steamer. Adjust to pH 6.8. Filter through paper, dispense in 
10 ml. volumes and autoclave at 121° C. for 15 minutes. 

Disinfectant Broth (Tryptose). For heavy growth of many test organisms and a 
good recovery medium after exposure to disinfectants: 


AGicy peOse LLCO ise. A tay ruitd weadssics Romyetd Red Olona Wega. 20 gm. 
Beef extract ..... CE eee ee ETN ce Rar HL Ae 3 gm. 
(GUN VEORTEN bc Renae se Std eR RC OC Areal Reet 1 gm. 
KD O eh piety ithe Eolas es coin ae alee a teee 2 gm. 
Distilledmwatetiey sen sh la ah ergh te nse kaha eye kes 1000 ml. 


Dissolve in Arnold steamer. Adjust to pH 7.4 and autoclave at 121° C. for 15 
minutes. An appropriate neutralizer for the disinfectant should be added and the re- 


action readjusted if necessary. 


* 4 ml. of a 0.4 per cent solution. 
+ Liebig’s extract is difficult to obtain; Difco Beef Extract may be substituted. 
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Disinfectant Agar (Tryptose). A good general purpose solid recovery medium for 
inoculation of bacteria exposed to disinfectants. An appropriate neutralizer should be 
added. Add 15 gm. agar to 1000 ml. of disinfectant broth (tryptose). 

“Tetheen” Broth. For the neutralization of quaternary ammonium salts and other 
cationic germicides (Quisno, R., Gibby, I. W., and Foter, M. J., Am. J. Pharm., 1946, 


118:320): 
Beeitextract.-uCOvn yen eee ee eee 5.0 gm. 
ANTONY FS OMS Pe soc Aommom ct ood pode ena s op oben s 10.0 gm. 
Sodium -chiloride: gh ge tyes. ener eee reae re eet 5.0 gm. 
Mech thats. rye he ee in. Met aaa Re ee te 0.7 gm. 
PTRWiGETICS OEM aie Mian erate oie nae MORIN Sn TRE caret 5.0 gm. 
Distillediwater ys cose oe eke eee ee ee ae 1000.0 ml. 


Add lecithin and Tween 80 to 400 ml. of hot water. Boil briefly and allow to stand 
while other ingredients are dissolved separately in 600 ml. of water in Arnold steamer. 
Mix the two preparations and place in Arnold steamer for 10 minutes at 95° to 100° C. 
Filter through coarse filter paper and restore to volume. Adjust to pH 7.0. Autoclave at 
121° C. for 15 minutes. The medium should become clear upon cooling. 

Tryptone Glucose Extract Agar. For making bacterial counts of milk and water: 


IBECIF CXtLA Chen ew eee ee eres ee ae 3.0 gm. 
GEV DONG F tte ts bey hae eo Ce Sea ee ee 5.0 gm. 
CWC OS Cg ark Laine) SADE Ce, 0S hp ATEN 1.0 gm. 
NOE Ta OMS eh, ge Aetna a AP aA SN en: A, SER RA 15.0 gm. 
Distilled water = EAD RE a Sa SRS TAA Sat ea 1000.0 ml. 


Add ingredients to the water and boil until dissolved. Make up lost volume with 
water. Adjust to pH of 7.0 to 7.1 (must be pH 6.6 to 7.0 after sterilization). Distribute 
in flasks or in tubes, 12 to 15 ml. per tube. Autoclave at 121° C. for 15 minutes. 

Formate Ricinoleate Broth. For determining the presence of coliform bacilli in 
milk: 


Peptones Bacto stv. Gn 2 eo eee ee er et a ee 5 gm. 
TZAGTOS Ca ee haters acter aca ce nO eRe DOE Ee 5 gm. 
SOGiuMaeLOVMATCy Sede nae ceeh Ree teehee hor ae noe es 5 gm. 
Sodiummeniom oleatemuk ast. e: wt eaege RoE aor eee 1 gm. 
Distitledwateris 2. te hte: sere ee eee ee 1000 ml. 


Dissolve with heat and adjust to pH 7.4. Dispense in fermentation tubes and auto- 
clave at 121° C. for 15 minutes. The Difco Laboratories prepares this medium in 
dehydrated form. 

Violet Red Bile Agar. For making plate counts of water, milk and food products: 


SY CASE REXLTA CURE atte vee aks nye ee ee 3.0 gm. 
Peptone Bactog an mph chee bore cen es eee 7.0 gm. 
Bilexsa lisse Bacto eNO sours re een eee 1.5 gm. 
Lactose ...... Thoin ee katiatol the ie ae CR ee 10.0 gm. 
SOGUMACHlOLIGe yy. oi Woh cya ee eee ee 5.0 gm. 
PPCM ALE Te rv.) ced atom ay vale cate eee eae eae 30.0 mgm. 
Cpystal Violetels Vaersetwieh rte ko other ae er 2.0 mgm. 
NEC 5 Eee ee ree a ene aye Soa 15.0 gm. 
Distiled@water 2. ccs so ee es Cee 1000.0 ml. 


* Hilltop Laboratories, Cincinnati 6, Ohio. 
7 8 ml. of a 0.4 per cent solution. 
£0.5 ml. of a 0.4 per cent solution. 
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Place dry ingredients in cold water and heat in the Arnold steamer. Bring to boiling 
over a flame. Adjust to pH 7.4 and bring to a boil. If the medium is to be used at once, 
pour into petri plates containing the inoculum. The medium may be stored in large 
tubes, 15 to 20 ml. per tube after autoclaving at 121° C. for 15 minutes. A dehydrated 
form of this medium is supplied by the Difco Laboratories. 

Eijkman Lactose Medium. For differentiation of Escherichia coli from other 
coliform bacilli: 


aUTVD COSC. DD NI COMES dul. 5. Noes a0 0 SAR ee! 15.0 gm 
A CLOSC Re meer Pee et ee ct a owe tac ITN ete 3.0 gm. 
ROLE Ol wanhy drouspaecsse rns tira eee eae 4.0 gm 
KHER OMeaniy drousmer st tere he te. ene eo eer oe 1.5 gm. 
SodimChlOpic eres eee eee ahs ne Ley FIP Ne 5.0 gm. 
Distilleda waters sie wewe i te eas. eee at eee 1000.0 ml. 


Dissolve in the Arnold steamer. Adjust to pH 6.8. Dispense in fermentation tubes. 
Autoclave at 121° C. for 15 minutes. 

If the volume of water to be inoculated is equal to the volume of medium, use only 
500 ml. of water for the ingredients listed (double strength). The Difco Laboratories 
prepares this medium in dehydrated form. 

Bile Brilliant Green Lactose Broth. For the detection of colon bacilli in milk and 
water: 


Oxcall MD CO ment ee rik tals ohne ok aa ate 10.0 gm. 
Replonerma il Gomera eee Maw seers eae i arab ae ee 10.0 gm. 
SA GUOSE Meine rete ee tren ener eri a eee Ree See Fe 10.0 gm. 
Brilliant green—(i-per cent aq. sol.) 1.0.60. s0cees Basal 
Distilledawater= toncivewa.wyen «ume ce ers aoe 1000.0 ml. 


The brilliant green dye should be of highest purity. The brand of peptone is 
probably of minor importance and any good peptone will suffice. Dried beef bile is to 
be preferred to fresh bile because it is easier to handle and more uniform. 

Dissolve the peptone and lactose in half the required distilled water. Add 20 gm. 
dehydrated ox bile or 200 ml. of fresh beef bile. Measure volume and titrate to pH 
7.4. Add brilliant green and make up to 1000 ml. Distribute into Dunham tubes in 
10 ml. amounts and autoclave at 121° C. for 15 minutes. If it is desired to test 10 ml. 
of water the concentration of ingredients must be increased to 1% times that given. 
This medium is tubed in 20 ml. amounts and 10 ml. of water added. The dehydrated 
medium is obtainable from Difco Laboratories. 

Koser Citrate Broth. For differentiation between fecal and soil types of colon 
bacilli (Standard Methods for the Examination of Water and Sewage, 9th ed., New 
York, American Public Health Association, 1946, p. 231): 


Sodium ammonium phosphate (4H,O) ............ 1.5 gm. 
Monobasic potassium phosphate (anhydrous) ...... 1.0 gm. 
Marnesitumerstiiates (aniydrOus)) seem eines 0.2 gm. 
SOC CLLLALOS (A TsO) pee teams raane td. faye see eee 3.0 gm. 
istiledewater erway tee Mi heat foe bore Mert pee at 1000.0 ml. 


Dissolve ingredients, adjust pH to 7.0, tube, and sterilize at 121° C. for 15 minutes. 
Simmons Citrate Agar. A solid medium for the differentiation of the fecal and 
aerogenes groups of coliform bacilli (J. Infect. Dis., 1926, 39:209). It overcomes the 
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disadvantage of Koser’s citrate broth which, with large inocula, is turbid even when 
no growth occurs. Use Difco’s dehydrated Simmons citrate agar. Prepare as agar slants. 

Methyl Red-Voges Proskauer Medium. For the determination of acetyl methyl 
carbinol production from glucose, and for carrying out the methyl red test. Use Difco’s 
M.R.-V.P. medium or Baltimore Biological Laboratory’s M.R.-V.P. medium which are 
convenient dehydrated products. 

Tryptone Broth. For indol production and for the testing of susceptibility of 
bacteria to the sulfonamide compounds: 


ERry LONE we AGL OND meme rea ene A oR a 10 gm. 
Distilledswatetaeee: ei ee bee hehe Oa 1000 ml. 


Dissolve with heat and adjust to pH 7.2. Autoclave at 121° C. fer 15 minutes. 

Peptone Medium for Indol Production. Use 1.0 per cent solution of Difco’s 
tryptone or Baltimore Biological Laboratory’s trypticase in distilled water. Adjust to 
pH 7.0. Autoclave at 121° C. for 15 minutes. 

In conducting the indol test with hemophilic and other fastidious organisms asepti- 
cally add 2 ml. of sterile defibrinated blood to each 100 ml. of sterile medium at 45° C. 
Tube aseptically and incubate at 37° C. for 24 hours for sterility. 

Peptone Medium for Indol Production by Clostridia. This medium is prepared 
according to the method of Reed and Orr (J. Bact., 1943, 45:309) as follows: 


BECHOSIAVOWOMS 62086 on. wees 20 gm. 
Na,HPO,, anhydrous ........ 2 gm. 
GluCOSeERE Re ashe. ce ee 1 gm. 
NCA TMP Arico Wore neat Beat ek 1 gm. 
Sodium thioglycollate . 1 gm. 
Wider are at nes eee Bec geet a? br Sa 1000 ml. 


Dissolve the ingredients in the water by gentle heating. Filter through paper. Tube 
and autoclave at 121° C. for 15 minutes. 

Sodium Malonate Broth. This medium for the differentiation of escherichia and 
aerobacter is prepared according to the method of Leifson (J. Bact., 1933, 26:3) as 
follows: 


Ammonium sulfate . ee ae 2.0 gm. 
K,HPO,, anhydrous _. ae ee 2 0.6 gm. 
KH,PO,, anhydrous ..... Meret: Seaeiee wets ey 0.4 gm. 
Sodium»ych lO rid eeamee wise guia pe eee ee ge 2.0 gm. 
Sodium/s malonates 2 ee aa tee: cen eee 3.0 gm. 
Bromthymol blue, 0.5% alcoholic solution ......... 5.0 ml. 
Distilled: swater 2... Aero 2 oe ce ee ee 1000.0 ml 


Dissolve with heat. Adjust to pH 6.8. Dispense in 5 ml. volumes and autoclave at 
121° C. for 15 minutes. 
Nitrate Reduction Media. For determining the reduction of nitrate to nitrite. 
Use either: 
Beef extract + 3 
Peptone, Bacto ... a ey. 5 
Potassium nitrate . 1 
Distilled water ... fc Sige oe 
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Difco’s dehydrated nitrate broth is convenient to use. 


or 
ry pticasemB=B las see. un ne aie sits ¢ 20 gm. 
INADA EO, oO) eee eer. ean et et ae Ne en PO 2 gm. 
GlUCOSeH meer ee its, 8 Fe eek yh nO ee Reset 1 gm. 
INST sh eee Me ne i soe La Pot a cae ae 1 gm. 
Potassinmenitrates cme) ant bt eee setts APA Me cen 1 gm. 
PASH cura Claas te he ocean Lm gam Nyt at nae 1000 ml. 


Baltimore Biological Laboratory’s dehydrated trypticase nitrate broth is convenient 
to use. 

Dissolve ingredients in Arnold steamer and adjust to pH 7.2. Autoclave at 121° C. 
for 15 minutes. 

Sodium Hippurate Broth. For the test for hydrolysis of sodium hippurate to 
identify Str. agalactiae (mastitidis). The medium is prepared according to the method 
of Ayers and Rupp (J. Infect. Dis., 1922, 30:388) as follows: 


away resol dopetayel ol= Paty Aina OOOO irae ae mas Hie Acie ees a i 1000 ml. 
SOMA Pp ULAat eM weet Sky eee by ade eee yee eee 10 gm. 


Dissolve the sodium hippurate in the broth. Tube and mark the level of the medium 
with a “non-run” wax pencil or other means on each tube. Autoclave at 121° C. for 
15 minutes. After 48 hours’ incubation restore volume and test with ferric chloride 
reagent (page 438). 

Lead Acetate Agar. For the detection of hydrogen sulfide production. Use Difco’s 
lead acetate agar. Leave a deep butt. Inoculate first by stabbing butt with needle 
inoculum and then by streaking the surface. 

Lead Acetate Broth. For the detection of hydrogen sulfide production. This 
medium is prepared according to the method of Reed and Orr (War Med., 1941, 
1:493) as follows: 


IRFOLCOSCRDED LONG Hy etree te SON rer ee: 20 gm. 
Na ERO Feel 2iEl Cie step it, went oat yee *, 2 gm. 
1) EXCL OSCE EM A nr oe neh eT vee te Ne eee 1 gm. 
IACATI rete. ip: ee ee ORI eae ea eee 2 gm. 
WIALC Depa tes RAS rect tem Tne de ck at eyes eee LOCOmm|: 


Dissolve, adjust to pH 7.6 and add 10 ml. of 2 per cent lead acetate solution. Tube 
and autoclave at 121° C. for 15 minutes. This results in a cloudy precipitate which, 
however, remains after autoclaving in reasonably stable suspension. 

Bromcresol Purple Milk. For the determination of acid production, coagulation, 
and peptonization of milk: 


Sl aitianaaveva seattle ee ends omen Pe me) Wekce Beran renas dey oveearem oM ur 1000 ml. 
IBromeresolpurplen Omener centisOly a mnn nn ea runes 5 ml. 


Autoclave at 121° C. for 15 minutes. 
Gelatin. For purposes of cultivation, the examination of water and the determina- 


tion of liquefaction: 


GRETA UTR caedy what tht be gare Aven ied we ed RE 6S 120 gm. 
BECtREXUTAC (emtr a SUPE Suen ie ees ee 3 gm. 
| BEV ESH OE 06 00) UC eat NOs i ek ae NE ar BR 5 gm. 


Distillecawale Lee ete raw chs eeu tne Geen eae 1000 ml. 
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Combine and heat slowly to 65° C. in a water-jacketed container until the in- 
gredients are dissolved. Make up to 1000 ml. with water. Adjust to pH 7.0. Heat to 
boiling while stirring vigorously. Make up to 1000 ml. and filter while hot. Dispense 
in tubes and autoclave at 121° C. for 15 minutes. 

Gelatin. This medium for the cultivation of anaerobes is prepared according to the 
method of Reed and Orr (J. Bact., 1943, 45:309) as follows: 


Gelatinitg waco Bers cuayaa ie ha coca en ee er ee 50 gm. 
Bacto-peDLON ete eee ery Pe reo eae aan oe ea eel eee 10 gm. 
INS OCA SISO). ein cer RIAs ss eon gical ne ee tate ERE 2 gm. 
(GINCOSEHRN: nce ots seek 2 eee Erbe er re Sele eae 1 gm. 
SOGIUMMEL NIOLIy.COlLALC eee ate ety rear etre eee 1 gm. 
DISCS Ca Walerok xs cease: eek eee “eee ea ee ree ee 1000 ml. 


Dissolve the ingredients in the water with gentle heating. Filter through paper. 
Tube and autoclave at 121° C. for 20 minutes. Heat before using. 
Iron Milk. For determination of reactions in milk by anaerobes: 


Slammed sinailliers as ek reer ees a ccrs hr n DOR ne e 1000 ml. 
Bromcresol pup les Os2enelaGentss Olam ane een tene Sina 


Tube in 8 to 10 ml. volume and add to each tube approximately 1 gm. of iron 
filings. Heat and cool before use. Seal with paraffin or place in anaerobic jar. 
G. C. Medium. For the isolation of V. gonorrheae: 


Cx CemediunmubasemD icon sewers eee ee ee 7.2 gm. 
Distilled#water ae: ge casei oe 5 Res ee eee 100.0 ml. 


Steam in Arnold steamer. Prepare hemoglobin solution as follows: 


Takesanvayestol oval IDTNOD) os San te bn ve deeasena cae ene 2 gm. 
Wistilled water 5 vc Aer ers ee re wie ore eee eee 100 ml. 


Shake flask vigorously while adding water to dry hemoglobin and continue shaking 
until solution occurs. Sterilize both solutions at 121° C. for 15 minutes. Allow both 
solutions to cool to 55° C. and add: 


BEKO KOS Chao Sone 1). Sos kav co acts eben deh do dee ade be 2 ml. 


to G. C. medium base, and mix with hemoglobin solution. Pour into petri plates. 
Chocolate Agar. For the isolation of NV. gonorrheae: 


Ca Camedium= pasew DilcO meet aa er 3.6 gm. 
Distilledswateree: tio) cit 8 eee ee 100.0 ml. 


Steam in Arnold steamer, cool to 45° C. and add 5 ml. blood. Place in Arnold 
steamer and gradually raise temperature to 80° C. Cool to 50° C. and pour into petri 
plates. 

This medium is less reliable than G. C. medium but is convenient to use since basal 
medium may be prepared as agar pour tubes and stored as such. When needed they 
can be melted, 0.7 to 1.0 ml. of blood added and heated as above to make chocolate 
agar. 


PREPARATION OF CULTURE MEDIA 387 


Preservation Medium for N. Gonorrheae. 


RLOteOse peptone BNOs GE DITCOl Meena ee 20 gm. 
SOUMUNA -COLOELU OMEN 5 ey he es aetna eh) ee i” Ll 5 gm. 
SOLIDI PSEA LON eames Mae dit ae RT es! UE 10 gm. 
Dstilled cay ae Crees Von lata ine tee arias CU eee 1000 ml. 


Dissolve in Arnold steamer and adjust to pH 7.2. Dispense in 1 ml. volumes in 
small test tubes. Subsequent plating should not be delayed more than 8 hours, and 
storage at 4° C. is best. 

Transport Medium for N. Gonorrheae. This medium for mailing specimens is 
prepared according to the method of Buck (J. Ven. Dis. Inform., 1947, 28:6) as 
follows: 


Gelatinyp ewan cattle este ee tend nh, ee 10.00 gm 
TEN oe I a ae Wear RMR Re ele cin 0.40 gm. 
(ScIVCOTI ge cherar ten ot Mane. A bso he a NO a Cate Oy 4.00 ml. 
WES PO Aico per centad. S0l..n. ono. fo Oe ia 30.00 ml. 
IDitcopSupplementeAste te ee ee ase Sake 0.25 ml. 
Bgodallbumiun-etreshiyewaee ut tecupe ee teas Seema to, 15.00 ml. 
Distilledawcate rarer ce, eee horse esyett kin. 3 eae 100.00 ml. 


Add gelatin, agar, glycerin and salt to the water and dissolve in the Arnold steamer. 
Adjust to pH 6.8, if necessary, with additional KH.PO, solution. Autoclave at 121° C. 
for 12 minutes. Cool to 45° C. 

Add aseptically the Supplement A and egg albumin. The latter is prepared by 
removing with a sterile pipet the egg white from fresh, scrubbed eggs. Burn the shell 
with 95 per cent alcohol to destroy contaminants, and open large end of egg aseptically. 

Dispense in 1 ml. volumes in sterile plastic, screw-capped tubes. A sterile swab 
may be inserted if desired. 

G. C. Fermentation Medium. For determination of carbohydrate fermentation 
by gonococci, meningococci, streptococci and pneumococci: 


dager, RU RCR Cs Lp a OO ae ar NNT See LeSmemis 


Dissolve in the Arnold steamer and check pH which should be 7.4. Add carbohy- 
drate to 0.5 per cent final concentration. Dispense in 3 ml. volumes. No inverted 
Durham tube is needed. Autoclave at 118° C. for 10 minutes. Just before use, add 0.1 
ml. of sterile serum or ascitic fluid. 

Bordet-Gengou Agar. For isolation of Hemophilus pertussis: 


Bordet=Gencouracaribase 11 CO me marin eon terest we 4.5 gm. 
GivcenolmelnOspeniceltraqucOUss sian. karen 100.0 ml. 


Dissolve in Arnold steamer. No adjustment of pH is necessary. Dispense in 15 to 
20 ml. volumes. Autoclave at 121° C. for 15 minutes. Cool to 45° C. and add 3 ml. 
of sterile blood and 0.4 ml. of a penicillin solution containing 10 units per ml. The basal 
medium may be stored, melted in the Arnold steamer and cooled to 45° C. as needed. 

An alternate method for supplying penicillin is tha’ of Bradford and others (Am. 
J. Publ. Health, 1946, 36:468) whereby the surface of the prepared blood agar is 
streaked with one loopful of an aqueous, 1000 unit per ml. solution. 
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Blood, Glucose, Cystine Agar. For isolation of Pasteurella tularensis: 


Gystimevheant agar a1) 1 CO mere een ie ee eee eae 11.2 gm. 
Distilledmwatera: «en etek city Sea ee ee ee 100.0 ml. 

Dissolve in Arnold steamer and dispense in 15 to 20 ml. volumes. Autoclave at 
121° C. for 15 minutes. Before use melt, cool to 45° C and add 1.0 ml. of sterile blood. 

Loeffler’s Serum Medium. For the isolation of Corynebacterium diphtheriae: 

IL@Sitar Illes! Soaoiin, IDC. hac ee c bac daaeerouses 80 gm. 
Drstilledswatery eve Bos. cae ok ee a eee abe 1000 ml. 

Dissolve in warm (42° to 45° C.) water. Dispense in tubes, preferably with screw- 
caps, so that suitable slants will be prepared. Sterilize as follows: 

1. Place tubes in a slanting posi- 
tion in the autoclave. Use wire bas- 
kets or boards to do this. If steam 
enters autoclave from bottom, place 
several layers of newspaper below 
tubes. 

2. Close valves and door. Turn on 
the steam. While medium is being 
coagulated the autoclave should con- 
tain a mixture of air and steam. Raise 
pressure to 15 pounds as quickly as 
possible and hold for 10 minutes. 

3. Open hand valve slowly and 
gradually replace air in autoclave 
with steam. The pressure must remain 
at 15 pounds. Continue until tem- 
perature is 121° C. Close valve. 

4. Hold at 121° C. for 20 min- 
utes. 

5. Shut off steam. Do not open 
Fig. 163. Inspissator for sterilization of coagulable yalye, Allow autoclave to cool slowly. 

Bec Open autoclave only after autoclave 
has cooled enough to be able to hold 
hand on the door. 

6. Otherwise an inspissator (Fig. 163) may be employed. 

Cystine, Tellurite, Blood Agar. This medium for the isolation of C. diphtheriae 
and determination of type is prepared according to the method of Frobisher (J. Infect. 
Dis., 1937, 60:99) as follows: 


GAM S HOt Ke poised con OR Ae ee a Oe eee 500 gm. 
Distilled “water ace sock Seen Oe ee ee 1000 ml. 


A, slanting rack; B, Hearson electric inspissator. 
(Courtesy of Arthur H. Thomas Company.) 


Put meat through meat grinder and infuse in water overnight at 4 to 6° C. Skim 
off fat. Heat at 80° C. for 1 hour. Remove coagulum by lifting off and put remainder 
through glass wool, a stainless steel sieve, or gauze. Restore to original volume. Add: 

EROLEOSESPeEPLOMe NO. 36 ICOM ma one ae ie 10 gm. 
Sodium chloride 
INGEN on See <ahs hh 20 gm. 
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Warm to dissolve. Adjust to pH 7.6. Dispense without filtration in 15 to 20 ml. 
volumes. Autoclave at 121° C. for 12 minutes. 
When needed melt tubes of agar, cool to 45° C. and add per tube: 


Dlqod Mprecetab lye sMeep=..tya0 eset Pea. bon LS 0.5 ml. 
Potassium tellurite, 0.3 per cent, sterile, aqueous * ... . ils) saal- 
CV SUING MO WCER iad rl sce od bane tee peat ome. oul 0.5 mg. 


Proteose No. 3, Tellurite Agar. A dehydrated medium (Difco Laboratories) for 
C. diphtheriae: 


4 


Dextrose proteose No. 3 agar 
Distilled water 


ea ae Se Pace ya Roe 40 gm. 
ABET Share hs, £2 8 or pate ALE POY ten ae Bs NEP 1000 ml. 


Heat to boiling and dispense in 15 to 20 ml. volumes. Autoclave at 121° C. for 15 
minutes. When needed melt agar, cool to 75° C and add aseptically to each 20 ml. 
tube of agar: 


Hiellunite Bloodmcolution ee ilComl ens aie sae ee Temi: 


Heat at 75 to 80° C. until chocolate color appears. Pour into petri plates. 

Raffinose, Serum, Tellurite Agar. A new medium for C. diphtheriae prepared 
according to the method of Whitley and Damon (Pub. Health Rep., 1949, 64:457) as 
follows: 


IPC AOS INO: S Ayer, JOM, oto hes pos cere ne oe 4.5 gm. 
Butterededistilledawaterstea er. t. ae ee eee 100.0 ml. 


Dissolve in Arnold steamer and autoclave at 121° C. for 15 minutes. Cool to 50° C. 
Add aseptically: 


avin, Seulin, ielliiaie Soo —~ 42s 05 ele eek 10 ml. 


Raffinose serum tellurite solution is prepared as follows: 

1. Raffinose, 10 per cent aqueous solution sterilized by Seitz filtration. 

2. Sterile human serum (Seitz filtered). 

3. Potassium tellurite solution, 0.5 per cent. Grind 0.5 gm. of C. P. dry salt to fine 
powder in a mortar. Add gradually 10 ml. of buffered distilled water. Stir and allow 
to settle. Pipet off clear supernate to 100 ml. graduate. Repeat and add another 10 ml. 
of water until all powder is dissolved. Add a few drops of 10 per cent KOH to the 
mortar. Rinse sides of mortar with 10 ml. of distilled water, add to graduate and make 
up volume to 100 ml. with buffered water. This solution should be at about pH 9.6. 
Pass through a Seitz filter. Stock tellurite powder must be stored in a desiccator over 
calcium chloride. 

4. These reagents are combined to make stock raffinose serum tellurite solution 


as follows: 
ELGTMANRSCHUIM Recetas Go Peis cys hws cee ema ee 30 ml. 
ReaviTKKS Soohercoot, WO) jose sate GL ee ce aa done: an 24 ml. 
Powacsiaon welburanme, OLS jxoenOoe ae chs tuve acu vor 6 ml. 


* Concentration varies with each lot. Obtain titrated salt which is stocked by A. H. Thomas Co., 
Philadelphia, and compare with above which makes final concentration of 0.0375 per cent. 

+ Prepare aqueous solution containing 50 mg. per 100 ml. with the aid of heat. Store, and when 
needed shake to distribute precipitated cystine. Add 1.0 ml. per tube. 

+72 ml. of M/15 anhydrous NasHPO; and 28 ml. of M/15 anhydrous NaHzPO, in 900 ml. dis- 
tilled water. This has a reaction of pH 7.2. 
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Mix thoroughly the basal medium and stock raffinose serum tellurite solution. 
Dispense in tubes aseptically and in the proper volume for making long slants. In- 
cubate at 37° C. for sterility. Store in cold room. Screw-capped tubes are recommended 
since they keep the medium satisfactorily for many weeks. 

Tetrathionate Enrichment Broth. An enrichment medium for selective isolation 
of the typhoid bacillus and other salmonella organisms: 


Metravhronate DroL My baSeus) it Com naera nent ee eee nnn 4.6 gm. 
Distilledcwaterrwe. etc se. ok ee eee cen 100.0 ml. 


Dissolve in Arnold steamer. Cool to 45° C. Add 10 ml. of 0.1 per cent aqueous 
solution of brilliant green (Coleman and Bell) and 2 ml. of iodine solution prepared 
as follows: 

Todinecicrystals ia seek ae elec ie ea a ae ae 6 gm. 


Potassitimigt Odie ae once a eet. Aeon ec tea: oer eer ee eee 5 gm. 
Distilled water 


Shake well and tube in 10 ml. volumes in sterile tubes. No sterilization is required. 
The complete medium must be used the day it is prepared; but the stock solutions 
may be stored. The addition of 5 mg. per cent para-aminobenzoic acid is recommended. 

Selenite-F Enrichment Medium. This medium for the selective isolation of the 
salmonella is prepared according to the method of Leifson (Am. J. Hyg., 1936, 24:423) 
as follows: 


SA Sali y powers, IBA oo kee eocopocduedoroses 23 gm. 
Distillediewaterieser peak Sars ete fee el one ir Sel ee 1000 ml. 


Mix well and heat in Arnold steamer to dissolve. Dispense in 10 ml. volumes and 
sterilize in Arnold steamer for 30 minutes at 100° C. The addition of 5 mg. per cent 
para-aminobenzoic acid per liter is advisable. 

Buffered Glycerol Water. For the preservation of rectal swabs and stool specimens 
until time of culture: 


Sodium chloridesea yar wow at eee eee aN a gene 4.5 gm. 
KER OR eanbydiousme-s rae face nnn eee ae 3.1 gm. 
IIEIHO CIN AGIRI, coe ca eustcnsuowgaeebbocneenc 1.0 gm. 
Rara-aminobenzolGraGi daaeieei aerate eee 50.0 mg. 
Glycerol, fUtS:P a: 2A. Bie ere ae 300.0 ml. 


Distilled’ water's 5. te” Jeg some eee inane 2k a tee eae a 700.0 ml. 


Dissolve dry ingredients and add glycerol. Adjust to pH 7.2. Dispense in tubes or 
screw-capped bottles according to use intended, and autoclave at 121° C. for 15 
minutes. 

SS Agar. For the isolation of enteric pathogens, especially the shigella: 


SS agar, Difco 
Distilled water 


Dissolve in Arnold steamer at 95 to 100° C. Pour into petri plates. The addition of 
50 mg. para-aminobenzoic acid is advisable. 

Desoxycholate, Citrate, Lactose, Sucrose Agar. A selective medium for primary 
isolation of intestinal pathogens: 


D.ClioaaeatabeB-L sts. sa 50 gm. 
Distilled water ...... 
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Allow ingredients to soak for 5 to 10 minutes. Mix and heat in Arnold steamer 
to 100° C. Cool to 50° C. and pour into petri plates. The addition of 50 mgm. para- 
aminobenzoic acid per liter is advisable. 

Eosin Methylene Blue Agar. A differential, but not selective, medium for the 
detection of intestinal pathogens: 


EVE eea an me) 1G Omee ct ais: ale ates ber te Lek uke 36 gm. 
Distilled’swate tem etna ene are hoe ion eae we sooo WOCOrinnli 


Heat to 100° C. in Arnold steamer. Dispense in flasks, autoclave at 121° C. for 
15 minutes and pour plates as needed. 

Levine E.M.B. Agar. For confirmation of presumptive test for coliform bacilli in 
the examination of water, milk and other dairy products: 


Levine E.M.B. agar, Difco 
Distilled wate yim Meine ae ne ey dae ren ruhe ta ae 1000 mi. 


Dissolve in Arnold steamer, dispense in flasks, autoclave at 121° C. for 15 minutes 
and pour plates as needed. 

Bismuth Sulfite Agar. Primarily for the isolation of the typhoid bacillus and other 
hydrogen sulfide-producing salmonella: 


BS: Subba syegne. IDC? 4554 oco5 oer enesebacce= 5.2 gm. 
Distilled tawater etn wach aia reweee igh etree, eh eee eee 1000.0 ml. 


Add to cold water and heat to 100° C. in the Arnold steamer. Shake well to dis- 
tribute sediment and pour into plates. Do not use after 4 days. 
Russell’s Double Sugar Agar. For the identification of enteric pathogens: 


Risselisedoublessucaracats Witcome rs ere 44 gm. 
Distilledawatehge extent ee Ae oe Ae ee reread 1000 ml. 


Add to cold water and dissolve in Arnold steamer. Tube and autoclave at 121° C. 
for 15 minutes. Cool and make slants to leave deep butts. Inoculate by streaking 
surface and stabbing the butt. 

Triple Sugar Iron Agar. For the differentiation of enteric bacilli on the basis of 
glucose, lactose and sucrose fermentation and of sulfide production. This medium is 
prepared according to the method of Hajna (J. Bact., 1945, 49:516) as follows: 


SoMa ca Tp Balin outa nN Meptsaa drat 4 chet oe 59.4 gm. 
Distuledtwatenieewes ott Atcon hctrrt. ee er uncaeetns chk: 1000.0 ml. 


Mix well and dissolve in Arnold steamer. Dispense in tubes one-third full. Auto- 
clave at 118° C. for 15 minutes. Slant tubes to produce deep butts. 

Urea Broth. For the detection of urea utilization and the differentiation of proteus 
organisms from salmonella and shigella. This medium is prepared according to the 
method of Rustigian and Stuart (Proc. Soc. Exper. Biol. & Med., 1941, 47:108 and 
J. Bact., 1945, 49:437) as follows: 


TD istillediew ate tamam enn Wn ote Moree, eee Spe cokers 380.00 ml. 
KEP RO -ranbyerolsr mie 9G ke ee eee 3.64 gm. 
Nas EURO feanhy crouse. mest aaa oir, oa ae es 3.80 gm. 
Lee nol vote Gera Oe Se hung Cin cle en Poe hark. -ceree ir eer 8.00 gm. 
NVICASENEXULAC Teen ti ner SAr he lan i etsehinee mire aca 40.00 mg. 


Phenol red, 0.02 per cent aqueous solution ......... 20.00 ml. 
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Dissolve with as little heat as possible. The reaction should be at pH 6.8. Sterilize 
by filtration. Distribute filtrate with a sterile pipet in 3 ml. volumes. Incubate overnight 
for sterility. 

Difco Laboratories’ urea broth and Baltimore Biological Laboratory’s urease test 
medium are satisfactory dehydrated products. 

Christensen’s Urea Medium. For the separation of proteus and urease-positive 
paracolon bacilli from shigella and salmonella. This medium (J. Bact., 1946, 52:461) 
is prepared as follows: 


Replones DACtOmea =e eee ere ME MMI etic RON Cy GPa aa dr 1 gm. 
SocLum chil rides scene pata ee hse pee ee ee 5 gm. 
KESPO, wanhydrous: nase ee een a eee 2 gm. 
Phenol tred ys oslo pee AO Roe eee tee ae 12 mg. 
GU COSC ee ne) catalan tee he ee eee 1 gm. 
NCAT Pema te oleae ohn, 5n8 cd De Sik Nay Org ee ee te EOE ee 20 gm. 
DistilledWtwatery we. ews. new ee eee ea ae 1000 ml. 


Heat in Arnold steamer to dissolve. Adjust to pH 6.9 and dispense in 4.5 ml. 

volumes. Autoclave at 121° C. for 15 minutes. Cool to 50° C. and add aseptically: 
Wireay2 OnperscentasolUtlont carer teat ean ee one 0.5 ml. per tube 

Dissolve in distilled water and sterilize by Seitz filtration. Allow medium to solidify 
as slants about 1.5 inches long with a butt about 1 inch deep. Inoculate by streaking 
the entire surface. Urease activity results in the development of red-violet color which 
extends into the butt. 

The results are interpreted as follows: 


: After Incubation of 

Organism 6 Hours 24 Hours 6 Days 
Proteus R =ta3 R +4 
Paracolon aerobacter Y-R + or — Y-R =P R +4 

and intermediate (3-5 days) 
Paracolon escherichia 4 — W — Y-YO — 
Salmonella W _ W = N 
Shigella W _ W — W — 


R = red violet; YO = yellow-orange; Y = yellow; N = color of inoculated control. — to +4 
indicates extent of penetration into the butt. 


A. A. S. S. Medium. This medium for the detection and isolation of paracolon 
bacilli is prepared according to the method of Chilton and Fulton (J. Lab. & Clin. 
Med., 1946, 31:824) as follows: 


Bactonpurple broths bases seen een aan 1000 ml 
A CONItO He er ieosX 54 oe nee Se ee ee 5 gm. 
IAESCULIM ge. lok 5 See 5 5 gm. 
SAICIN ER cect le eck oooh na \cMetech a NOs ees 5 gm. 
SUG OSC ke Sd ep gia an? Baca cdi Oe oe 5 gm. 
Fete ammonium citrate... ->....5.- +a en 50 mgm 


* Mallinckrodt, analytical reagent, preferred. 
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Dissolve in Arnold steamer, tube in 3 ml. volumes and autoclave at 115° C. for 10 
minutes. 

Fermentation of adonitol, salicin or sucrose is shown by the development of a yellow 
color; and fermentation of aesculin by a black color. 

Rapid Fermentation Broth. For the detection of paracolon bacilli and for fermen- 
tation tests in general. 


LGV DUOS ee DICOmeac ae or Ne le Ne een 1.0 gm. 
BeCisextracterp pec eh a oe Oh hehe Sak tee ae 0.3 gm. 
Waisnilledawacreenreet et Mi) 4 ae PAE, at. Brel 100.0 ml. 


Dissolve with heat. Add 1.0 ml. of Andrade’s indicator (page 364). If the medium 
is pink, add NaOH carefully until the color is that of the straw-colored base. Auto- 
clave stock medium in bulk at 118° C. for 15 minutes. At the time of use pipet 
aseptically 2 ml. volume to small (50 x 8 mm.) test tubes. 

Lactose Brotu. Adding 0.5 ml. of a 20 per cent stock solution of lactose, sterilized 
by filtration or by autoclaving at 115° C. for 10 minutes, is an acceptable procedure. 
After inoculation plug tubes with sterile rubber stoppers. 

When used, inoculate with 0.2 ml. of a heavy suspension from 24-hour agar cultures. 

SucrosE Brortu. Prepare and use as described for lactose broth. 

SALICIN Brotu. Prepare and use as described for lactose broth. 

Tartrate Medium. For differentiating the salmonella: 


Phenolmedstartratemgar1tcoten = aman ine tee 40 gm. 
DIStiledinwakelewe tate kta yk, fee hay ee tees hl ae, 1000 ml. 


Dissolve in Arnold steamer. Dispense in tubes and autoclave at 121° C. for 15 
minutes. Cool in unslanted position. 

Sodium Azide Blood Agar. For suppression of proteus organisms and the isola- 
tion of gram-positive cocci from mixed cultures. Useful in the culturing of urine and 
wound specimens. 

1. Melt a tube of blood agar base (infusion or trypticase soy). 

2. Cool to 45° C. Add 1.0 ml. sterile blood and 0.4 ml. of a 1.0 per cent aqueous 
solution of sodium azide (Eastman Kodak Co.) to make a final concentration of 0.2 
per cent. If a plate can be incubated anaerobically, 0.35 ml. of azide solution is suf- 
ficient. 

Buffered Water. For the preparation of stock solutions and as a general diluent 
at about pH 7.2. Prepare a stock solution as follows: 


EEEESE Op eauUydrous tone hy. te, Ae? ate aoe 34 gm. 
TWrstallecinvc at Claes ne ee en Ay ek eae pene 1000 ml. 


Add phosphate to 500 ml. of distilled water and bring to pH 7.2 by adding N/1 
NaOH (about 175 ml.). Dilute to 1000 ml. For use add 1.25 ml. per liter of distilled 
water. 

Salt Broth. For the identification of group D streptococci (enterococci, Str. 
fecalis): 

1. Add 6 per cent sodium chloride to infusion broth, or brain-heart broth (page 
375) if 0.5 per cent sodium chloride is already present. Otherwise, add 6.5 per cent. 
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2. For convenience stock a 30 per cent solution in buffered water. Add 1.0 ml. 
(or 1.1 ml.) per 4 ml. of basal medium, depending upon sodium chloride content of the 
broth. 

Tomato Juice Agar. This medium for making plate counts of Lactobacillus 
acidophilus is prepared according to the method of Kulp and White (Science, 1932, 
76:17) as follows: 


PROTA EO pi ULC Cast eoss < ce NAR Rea. tee we nur are eee ae oy ate 400 ml. 
Peptonizedimilks 3... era eo oe eee rots ae 10 gm. 
Bacto=peptone Alc. ate <e, O e e o Be ee 10 gm. 
yi pea aie Aeon ete eter oR ee ries cae vee ts Ae ath alate N A 11 gm. 
Mistillediwaters: 34 eee ese ee er cee 600 ml. 


The tomato juice is obtained from commercial canned tomatoes. Pour the contents 
of the can into a large funnel with a coarse filter paper. Use the clear yellow juice 
filtrate. 

Heat the mixture of tomato juice, peptonized milk and peptone to dissolve the 
ingredients. 

Adjust the reaction of this mixture to pH 6.8 before adding the agar to it. Filter 
through paper. The final pH after sterilization will be about 6.2. 

Add the agar to the water and place in Arnold steamer to dissolve the agar. 

Combine these two mixtures while hot and filter through cotton. 

Dispense in tubes or flasks and sterilize in the autoclave at 121° C. for 8 minutes. 
Remove the medium from the autoclave as soon as possible. 

B.C.G. Glucose Agar. This medium for Lactobacillus acidophilus plate counts of 
saliva as an index of caries activity is prepared according to the method of Snyder 
(J. Am. Dent. A., 1941, 28:44) as follows: 


B.C.G. dextrose agar, Difco 
Distilled water ...... 


Sa ed ak tai oat 65 gm. 
ad AR Me eee a ee ce 1000 ml. 


Suspend in cold water and place in Arnold steamer to dissolve. Dispense in flasks 
and autoclave at 121° C. for 15 minutes. 

Liver Infusion Agar. This medium for the cultivation and isolation of the brucella 
is prepared according to the method of Huddleston as follows: 


SEAVER AD EUSION oe och ysetcs cron rete: nty 4 ara an 500 ml. 
IREPUOILE NS tate res re Sele | Sect eh yee ee 10 gm. 
Sodium}; chlorides .2 27. sae. ok et) ee ee 5 gm. 
AC Ale teen. de a tee ey MEEVEE Me, yt’ S 20 gm 
Distilled=water:* Pre... Aecnpaaee eee ne eee ; 500 ml. 


The liver infusion is prepared by grinding fresh beef liver and mixing with 500 
ml. of water (Huddleston specifies tap water, but since such water is variable it may 
be better to use distilled water). The mixture is heated in flowing steam for 20 minutes 
when it is thoroughly stirred. The heating is then continued in flowing steam for 114 
hours. Filter through wire screen. 

Add the solid ingredients to the infusion and water and heat in Arnold steamer for 
1 hour. Remove and cool to 60° C. and adjust pH to 7.0. Heat again in Arnold steamer 
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for 72 hour. Decant off the clear agar. Put into tubes or flasks and sterilize at 121° C. 
for 30 minutes. The final pH will be about 6.6. 

Liver Infusion Agar with Thionin or Basic Fuchsin. For the species differen- 
tiation of brucella: 

1. Prepare liver infusion agar as just described and adjust the pH to exactly 6.6. 

2. Prepare stock solutions of 1 per cent thionin and 0.1 per cent basic fuchsin in 
water. Sterilize the dye solutions in the Arnold sterilizer for 20 minutes. Shake well and 
add to the melted agar. 

3. Add 2.5 to 5.0 ml. of thionin per liter of agar, and 10 ml. of basic fuchsin per 
liter. Pour and cool. Incubate at 37° C. until the water of condensation evaporates. 

Tryptose Broth. For the isolation and cultivation of brucella; also useful as blood 
culture medium for brucella with the addition of 1.0 per cent sodium citrate: 


pry. LOSE MAL) t GO sma MM ed cutee ne ol Sn 20 gm. 
Soditinig Ghlorid enter caent ks yt hay a eee 5 gm. 
Distilledewaterarer mes nL. Cr CONN hcaaa Ae ol Sendtal, 1000 ml. 


Dissolve ingredients in the Arnold steamer and filter through fine paper. Adjust to 
pH 7.0. Autoclave at 121° C. for 15 minutes. 

Difco Laboratories makes this medium in dehydrated form. 

Tryptose Agar. For isolation and cultivation of brucella: Add to 1000 ml. of 
tryptose broth: 


IU COSCRARA Sie Ee oe tC eRe OP Da nee OR 1 gm. 
Ta NCRN a sana. ts Bak oa 8 ORCS IW WB we Nein Se ON! a gD Pan 15 gm. 


Dissolve in the Arnold steamer. Dispense and sterilize as for tryptose broth. It may 
be advisable to add 50 mg. of para-aminobenzoic acid per liter. 

Difco Laboratories makes this medium in dehydrated form. 

Castafieda Brucella Medium. For the isolation of brucella from the blood. This 
medium (Proc. Soc. Exper. Biol. & Med., 1947, 64:114) is prepared as follows: 


Mae eolorsl DhUCor oe mae, v ke eM on re ens Hear een We: 20 gm. 
Soalitinn: Gulia rs pecs ane reer Go uel a eahe an cee 5 gm. 
SOCMUMMCIELALC ea egs oor has ord. ie a oer Laos cen 5 gm. 
NCAT MEME REED COP N TINA ae Tesch tes Dice eee OOS eee 30 gm. 
Distilledawater weet. toc ee Ls See Ae 1000 ml 


Dissolve with heat. Dispense in 15 ml. volumes in rectangular bottles of 100 m!. 


capacity. Stopper with cotton-gauze plugs. 
Prepare the following solution: 


(Kry DLOSEN BAClOUA..ctrery os pieces Css 5 Eiligrtabrceye 20 gm. 
SOMTUTINCIE TA LORIE cis ee iaaite iced casei Meee vcr rks 20 gm. 
Drstilledewaterwee ew viet cokitigoee ino ene ar aan: 1000 ml. 


Autoclave in a flask at 121° C. for 15 minutes along with the Castafeda brucella 
medium. Place the bottles on their sides until agar sets. Carefully remove plug and add 
10 ml. of tryptose-citrate solution. Incubate 24 hours for sterility, if time permits. 

Potato Medium. For differentiation of bacteria. 1. Wash and peel large potatoes. 


Cut out cylindrical pieces with a cork-borer. 
2. Cut the cylinders diagonally with a knife so as to make slants. Immediately 
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immerse the slants in distilled water. Change the water several times and soak the 
slants overnight in the refrigerator. Wash the slants again in fresh distilled water. 
Place the slants into test tubes and sterilize in the autoclave. The washing and soaking 
in water serves to prevent darkening of the potato, A small pledget of wet absorbent 
cotton in the end of each tube below the potato slant will help to prevent drying during 
storage. 

Levinthal Broth. A modification of this medium (Ztschr. f. Hyg. u. Infectionskr., 
1918, 86:1) for the cultivation of H. influenzae is prepared as follows: 

1. Add 10 per cent sterile blood to sterile brain-heart infusion broth or trypticase 
soy broth. 

2. Place in boiling water bath or Arnold steamer at 95 to 100° C. for 5 to 10 
minutes. The blood will turn reddish-brown. 

3. Centrifuge aseptically at 2500 r.p.m. for 10 minutes and remove supernate with 
sterile precautions to sterile tubes. This is the stock medium. 

4. For use dilute with an equal part of the same type of broth used in step 1. 

Rabbit Blood Agar. For the isolation of H. ducreyi. This medium is prepared ac- 
cording to the method of Sanderson and Greenblatt (South. M. J., 1937, 30:147) as 
follows: 

1. Melt one slant (5 ml.) of brain-heart or veal infusion agar (page 375) in the 
Arnold steamer. If the patient has received sulfonamides, the medium should contain 
para-aminobenzoic acid, 2 to 5 mg. per cent. 

2. Add one part of agar to two parts of brain-heart or veal infusion broth. 

3. Dispense in 5 ml. volumes in screw-capped tubes. 

4. Immediately before use add 1.0 ml. of fresh defibrinated rabbit blood. Human 
blood is almost as satisfactory, however, and can be recommended. 

5. Agar plates and slants made from the undiluted agar basal medium can be 
substituted for the semi-solid medium described. Add blood in the proper proportion 
and just before inoculation 0.1 to 0.2 ml. more blood is spread over the surface. 

Dorset Egg Medium (Modified). For cultivation of tubercle bacilli. 1. Soak 6 
fresh eggs in 1:1000 mercuric chloride solution and allow the antiseptic to drain off on 
a sterile towel. 

2. Break the eggs carefully and, as nearly aseptically as possible, add the yolks 
and whites to 100 ml. of sterile 5 per cent glycerol in distilled water contained in a 
wide mouth flask or beaker. Break up the yolks and mix thoroughly by means of a 
sterile spatula and by shaking the flask but avoid foaming. Tube, slant and inspissate 
for about 2 hours at 70 to 75° C. on 3 successive days or slant in a horizontal auto- 
clave, close the autoclave tight and, without allowing the air to escape, autoclave at 
121° C. for 15 minutes on each of 3 successive days. The original Dorset medium 
did not contain glycerol, but there are many modifications of the medium. The one 
described here resembles that of Soparkar (Indian J. M. Research, 1916-17, 4:28) 
except that it contains less egg. 

Petragnani Medium. This medium for the isolation of tubercle bacilli (Bull. d. 
Inst. sieroterap, Milan, 1926, 5:173) is prepared as follows: 


Potato (peeled and cut into small pieces) ............. 75 gm. 
Milk: (cream: removed ieee. tbs... ...05.) ae ee 150 ml. 
Potato: four” a) eee, ee) ee 6 gm. 


Peptones BaCtou. ee eserere ee sO a t=. = 10 gm. 
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This medium should be prepared as nearly aseptically as possible. Wash the peeled 
and minced potatoes thoroughly in running water. Mix and heat in a sterile beaker 
in the Arnold steamer for 10 minutes with frequent stirring. After mixture becomes 
pasty, continue to heat for 1 hour. Cool to 50° C. Add the following mixture: 


FSP oe whole) Ml ge Aaa. tnlly poy mati Cron ge ie: oe 4 
Eiggty0l Kareeest 2 teeta. % ce. seh in eee eer 1 
(CLY Cer Ol PR Rw cap eee ee ee ee 12 ml. 
Malachite green (2.0 per cent aqueous) .............. 10 ml. 


Mix thoroughly and filter through three layers of gauze. Distribute in rather large 
test tubes. Place in a slanted position in an inspissator and heat for 40 minutes at 82° 
to 85° C. The method of sterilization described under Loeffler’s Serum Medium (page 
388) may be used but is less satisfactory. 

Petroff Medium. This medium for the cultivation of tubercle bacilli (Bull. Johns 
Hopkins Hosp., 1915, 26:276 and J. Exper. Med., 1915, 21:38) is prepared as follows: 

1. To 425 ml. of water add 500 gm. chopped beef or veal and 75 ml. of glycerol. 
Mix well. Keep in a cool place for 24 hours. Filter through gauze and collect the fluid 
in a sterile beaker. 

2. Sterilize the shells of 6 eggs by placing them in 70 per cent alcohol for 15 
minutes. Break the eggs into a sterile beaker, mix well and filter through gauze. 

3. Mix 66 ml. of egg with 33 ml. of glycerol beef extract and add 1 ml. of a 1 per 
cent alcoholic solution of gentian violet. Tube and inspissate at 85° C. for 40 minutes. 
Incubate at 37° C. for 24 to 48 hours for sterility. 

Lowenstein Medium (Jensen Modification). This medium for the isolation and 
cultivation of tubercle bacilli (Centralbl. f. Bakt., 1932, I Abt. orig., 125) is prepared 
as follows: 


SALT SOLUTION 


KE RO jeanhy OLOUSs reise er pet eee a; 2.40 gm. 
ASO) OA SIO xe, oan alate shew ae re 0.24 gm. 
Magnesium citrate ...... oY 0.60 gm. 
ANS ORNA WIND aie ban Wy: od 3.60 gm. 
Gly cerolin@ Perens. Edie 12.00 ml. 
Diciileduwateteenen eta eee OOOOOmnal: 
ROtatomilOut sre are RURAL NS pte ee: aa 30.00 gm. 
Hea KEOL Boye hae i ithe te cee ke eee eee OOOOORnalE 
Malachite green, 2 per cent aqueous sol. ............ 20.00 ml. 


1. Dissolve the salts and asparagin in water using a 2000 ml. flask. Steam in the 
Arnold steamer for 2 hours. 

2. The next morning add the potato flour slowly and with constant swirling. Bring 
to a boil with occasional shaking in a water bath. Leave in boiling water bath for 15 
minutes more. Then place in 56° C. water bath for one hour. 

3. “Only fresh eggs are employed—eggs laid by hens fed on greens.” Wash for 30 
minutes in 5 per cent washing soda and soap solution and rinse in running cold water 
until this is clear. Using careful technic break the eggs separately into a sterile beaker; 
stir each time with a sterile tongue depressor and pour into a sterile 3-liter flask. Shake 
until egg whites are well distributed. About 24 eggs will be required to make a liter of 
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filtered egg. Filte 
graduate. 


r through several thicknesses of sterile gauze into a sterile 1000 ml. 


4. Mix the liter of egg with the salt solution. 
5. Add the malachite green from a sterile stock solution. Mix well and let this 


Fig. 164. Glass 
shield tubing 
device. 
(Courtesy of 
Arthur H. 
Thomas Com- 

pany.) 


stand for one hour at room temperature. 

6. By means of a large sterile funnel run the medium into a sterile 
2000 ml. aspirator bottle with a sidearm at the bottom to which has 
been connected sterile rubber tubing with a glass shield tubing device 
at the end (Fig. 164) to reduce contamination. 

7. Tube carefully using screw-capped tubes. Add medium to a 
depth of about 2 inches. 

8. Place in an inspissator at 80 to 85° C. for 40 minutes. During 
inspissation the tube caps should be loose. Tighten these immediately 
after inspissation. Do not substitute autoclave sterilization. For the 
importance of minimal heat, see Cummings and others, Pub. Health 
Rep., 1948, 63:1305. 

9. Store in the refrigerator. Only that volume of medium which 
will be used in 2 weeks should be made at one time. Medium older 
than this is less reliable. 

Tween-Albumin Medium. This medium for the rapid and dis- 
persed growth of tubercle bacilli is prepared according to the method 
of Dubos and Middlebrook (Am. Rev. Tuberc., 1947, 56:334) 
as follows (Tween is sometimes referred to as sorbitan mono- 
oleate): 


1. BasAt MEpDIUM: 


RAS RO eee ire te neva 7 eae ee eRe 1.0 gm. 
INET a0 MO pea SOME man coor toe oe oad tae eee nc 6.3 gm. 
ASPATAGIN Ws tad, Sees od RES eG ate TORR ere Te 1.5 gm. 
IDISHITECE Wa let ancn as ek etre ay iat. ROS oe 100.0 ml. 


Dissolve with 


heat and add: 


Distilledwatere 2) tees as a ie ee 850.0 ml. 


N-Z Amine Type B 
(Sheffield Farms, 524 W. 57th St., New York City) 


or 
Gasitones Difco santas <atecncie ee eke ee cee 1.5 gm.* 
Rerriceammoniimecittatemees ee hie ae eee 20.0 mgm. 
VES SO piel 5 5 fey ceive perenne ae 10.0 mgm.7+ 
CaCl oa pe: Sri scr, soe meee na hit eee ee 0.5 mgm.t 
LS Og te yh BNE see ih: Renee ak ee tan ea 0.1 mgm.§ 
CSO fete... sah aher cnt vie a en eee ee ene 0.1 mgm.§ 


Adjust to pH 


* 30 ml. of 5 per 
+ 1.0 ml. of 1.0 p 
1.0 ml. of 0.05 


6.6. Dispense in flasks and autoclave at 121° C. for 15 minutes. 


cent autoclaved stock solution in distilled water. 
er cent stock solution in distilled water. 
per cent stock solution in distilled water. 


§ 1.0 ml. of 0.1 per cent stock solution in distilled water, 
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2. CoMPLETE MEDIUM: 


IMCen SOISLETLLC | we) vice ts cee an ch Ree Per at ae mats 0.5 ml.+ 
Add aseptically: 


Albumin ¢ 
CICOSE ani Sen en OG tis pO hee ae ae 5 gm.|| 


3. Using rigidly aseptic technic, pipet 5 or 10 ml. aliquots into sterile tubes. Store 
in the refrigerator. Do not use after storage of one week. 
Albumin Agar. For cultivation of Mycobacterium tuberculosis: 


Basalemeditiny |e (as Delore) ieee eee eee 90.0 ml. 
IACAT ae Dit COMmeperm are cee fn eee teen ate oan ee ae tee Ieomem: 


Autoclave at 121° C. for 15 minutes and cool to 60° C. Add 10 ml. of 5 per cent 
solution of albumin. Tween may be added, if desired, as called for in Tween-albumin 
medium. Pour into petri plates or make large agar slants. 

T. B. Broth Base (Difco). For rapid growth of Mycobacterium tuberculosis. 
Difco Laboratories prepares a dehydrated medium patterned after Tween-albumin 
medium to which may be added Bacto-T. B. medium serum which produces granular 
growth, or Bacto-T. B. medium albumin which yields diffuse growth. 

Proskauer-Beck Medium. This medium as modified by Youman (J. Bact., 1946, 
51:703) for securing homogeneous growth of tubercle bacilli, is prepared as follows: 


HAS [DATD Cll sea aaa en a a8 GEN tn PO oa eee Ste 5.0 gm. 
KE © can ny. C1rOUs aay sie eis 2) tee ee ered 5.0 gm. 
rec OV Beal ae ae NO Os, rea oe TI 0.5 gm. 
Ray COV OUAC LD se the Ponta e ye arters hee fo eget ne tery 20.0 ml. 


Dissolve in distilled water, adjust to pH 7.0 with NaOH and add 1.5 gm. of mag- 
nesium citrate. 

Dissolve and tube. Autoclave at 115° C. for 20 minutes. Before use add approxi- 
mately 10 per cent of human, bovine or horse serum. 

Hemo-Tryptone Broth. For determination of sulfonamide susceptibility of H. 
influenzae and other fastidious organisms: 

1. Use peptone medium for indol production (page 384). 

2. Add 2 per cent human blood and heat to 90° C. 

3. Centrifuge aseptically at 2500 r.p.m. for 10 minutes and pipet off clear supernate. 

4. Distribute in 3 ml. volumes in sterile tubes and add a sterile solution of the 
sulfonamide (sulfanilamide or sodium salt of other compounds) to give final concen- 
trations of 50, 20, 15, 10, 5 and 2 mg. per cent. 


* Hilltop Laboratories, Cincinnati 6, Ohio. Specify the use when ordering so as to obtain a certi- 
fied lot. 

+5 ml. of 10 per cent stock solution in distilled water. Autoclave at 121° C. for 15 minutes and 
store in refrigerator. Do not use after one month. 

+ Bovine albumin, fraction V, Armour Laboratories, Chicago. 

§ 100 ml. of a 5 per cent solution in 0.85 per cent saline and sterilized by filtration. After filtra- 
tion heat at 56° C. for 30 minutes to destroy lipases. 

| 10 ml. of a 50 per cent stock solution in distilled water and sterilized by autoclaving at 
115° C. for 12 minutes. . 

{| Must contain 50 mg. of ferric ammonium citrate per liter. 
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Leptospira Medium. This medium for the isolation and cultivation of L. ictero- 
hemorrhagiae and L. canicola is prepared according to the method of Raven (J. Inf. 
Dis., 1941, 69:131) modified from Schniiffner, as follows: 


\WWERe TMM OOK NNN? Saag oan csoharsaveyoobo dns 750.00 ml. 
IProteose peptone = Dit COmma aires ieee re 0.75 gm. 


Dissolve by bringing to boiling point and add 3 ml. of phosphate mixture prepared 
by dissolving 0.35 gm. of KH,PO, (anhydrous) and 1.33 gm. of Na,HPO, (anhy- 
drous) in 100 ml. distilled water. Add 150 ml. of Ringer’s solution, heat to boiling and 
add 75 ml. of Sorensen’s buffer solution (pH 7.2). Boil until precipitation is complete 
(25 to 30 minutes). Cool and place in refrigerator overnight. Filter through paper and 
dispense in large test tubes (25 mm. diameter). The pH should be between 6.8 and 7.2. 
Before use, add 0.8 to 1.0 ml. of sterile serum tinged with hemoglobin (rabbit serum 
preferred). The serum must be inactivated by heating at 56° C. for 30 minutes. 

SoRENSEN’s BuFFER SOLUTION. Prepare by mixing 72 ml. of K2HPO, (anhydrous) 
solution (1.89 gm. dissolved in 200 ml. of distilled water) with 100 ml. of KH2PO, 
(anhydrous) solution (1.814 gm. dissolved in 200 ml. of distilled water). 

Starch-Serum Medium. This mecium for the isolation and identification of Strep- 
tobacillus moniliformis is prepared according to the method of Brown and Nunemaker 
(Bull. Johns Hopkins Hosp., 1942, 70:201) as follows: 


Dextrose starch agar, Difco 
Distilled water 


ret: ETO = ek eee A 65 gm. 
SR A Sock ots his toa ae nN as, mb ces ee 1000 ml. 


Dissolve with heat and adjust to pH 7.6. Dispense in 100 ml. volumes in flasks 
and autoclave at 121° C. for 15 minutes. 

Before use, add 10 to 15 ml. of serum (preferably horse) or ascitic fluid to each 
flask. Mix by shaking. 

Starch-Serum Agar is prepared by adding 0.5 gm. of agar to each flask. Do this by 
dissolving the agar in 10 ml. of distilled water and after autoclaving pipet the solution 
into a flask of the starch-serum medium. Add 15 ml. of sterile serum or ascitic fluid 
and pour into sterile petri plates. 

Pleuropneumonia Isolation Agar. This medium for the isolation of pleuropneu- 
monia organisms is prepared according to the method of Sabin (Bact. Rev., 1941, 5:1 
and Science, 1938, 88:525) as follows: 


Heartantusioneacars 1) ic Oma lan nes 1.0 gm. 
Glucose. eet ic eer (a) Ge ee 0.5 gm 
BATS Or teen eae dr A eee ohn a ee 1.0 gm. 


Distilled water 


Dissolve with heat and adjust to pH 8.0. Dispense in 15 to 20 ml. volumes in large 
test tubes and autoclave at 121° C. for 15 minutes. 

Before use, melt and cool the medium to 45° C. and add 5 to 6 ml. of ascitic fluid 
or an animal serum. 

Thioglycollate-Ascitic Fluid Medium. This medium for the isolation of pleuro- 
pneumonia organisms is prepared according to the method of Schaub and Guilbeau 
(Bull. Johns Hopkins Hosp., 1949, 84:1) as follows: 
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Fluid thioglycollate medium, B-B-L, 


VAARB aR OLGA, Fa oTerostey ek ae eee oe hy oe ee Retr ea 3 gm. 
or 

Fluid thioglycollate medium, Difco, 
witheOrMmOprelucose. 0... .00)ou, Pais ner Wien. $a), 3) 3 gm. 


Dissolve with heat and adjust to pH 7.6. Dispense in 8 ml. volumes. Autoclave at 
121° C. for 15 minutes. 

Before use, add 0.1 ml. of a solution of penicillinase (Schenley Co.) containing 10 
units per ml. or 0.1 ml. of a 2 per cent solution of takadiastase (Parke, Davis Co.) in 
water sterilized by filtration. Finally, add 2 ml. of sterile ascitic fluid or 1.5 ml. of 
sterile human serum (former preferred) per tube. 

Pleuropneumonia Medium. This medium is prepared according to the method of 
Norman and Kuhn (J. Bact., 1949, 58:270) as follows: 


(CY SLING ape areal pike eae ete. Mente SEE DEM Re ae Py 0.5 gm. 
PTV DUICISe b= Belen Wohl Abel ius ane ee yined. MN hee 20.0 gm. 
SA Ti eaters Ort PEE EAN EA OR coe 5 Li as hee Le pgs 3.5 gm. 
Sodiumitchl onldets weet ess ei A rs a pn ee 5.0 gm. 
SOCMUMMSUIIUt Caran Mig vor rene te usenet See ia cert elem 0.5 gm. 
Dishilledhwatcr ewer] wee ks CN ee Oe ge care 1000.0 ml. 


Dissolve with heat and add 5 gm. of yeast extract (Difco). Adjust to pH 8.0 and 
dispense in 4 ml. volumes. Autoclave at 118° C. for 15 minutes. 

Before use, add 1 ml. of sterile rabbit serum (heated at 50° C. for 30 minutes) to 
each tube. 

PLEUROPNEUMONIA MAINTENANCE AGar. This is prepared by adding 2 per cent 
agar before the addition of serum. Dispense in 14 ml. volumes in large tubes. Before 
use, melt and cool the agar, add 2 ml. of sterile rabbit serum and pour into a sterile 
petri plate. 

Yolk Medium. This medium for the isolation and cultivation of Donovania granu- 
lomatis is prepared according to the method of Dienst (Am. J. Syph., Gonor. & Ven. 
Dis., 1948, 32:301) as follows: 


oR Olmstresh yee eerste pe cha tee ecm tan ie ete Ae Ee 25.00 ml. 
Rhvstologicalesaline peters tcye eae cr Pera stri a en: 25.00 ml. 
Repronew BAGtOre ee tie Meds eo des eee ste eo weckes mae 1.00 gm. 
ny pUGneNBaCtOmm ci syata poeta pr tel: amrenwaas sere 0.30 gm. 
(QIU COSC RR tec tee Sore os uh erate CRONE Meee Reser 0.30 gm. 
SEV ANRNCOD “con Rie he MRR MC arc Pe geld MRE ae ar Arca ures: 0.20 ml. 
NOAM a tee us yn font, Peat ae RRA Whee Cas ae 0.12 gm. 
Distillediwater = ta: Brest b aE eshte, arr sant 5.00 ml. 


Wash the eggs thoroughly, dry with sterile gauze, pour 95 per cent alcohol over 
them and burn. Open aseptically, separate the whites and collect the yolks in a sterile 
graduate. Add an equal volume of saline. Add to cool basal peptone-glucose-agar 
medium which was dissolved in 50 ml. of water, adjusted to pH 7.3 and autoclaved. 
Tube aseptically in 10 ml. volumes. The medium has a semisolid consistency. The yolk 
may be heated at 60° C. for 10 minutes without injuring its growth-promoting 
properties. 

Penicillin Assay Seed Agar. This medium is prepared according to the specifica- 
tion of the Food and Drug Administration (Federal Register, 1947, 12:2217). It is 
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used for the preparation of seed layer in the cylinder plate method of assay of peni- 
cillin, chloromycetin, aureomycin, terramycin and bacitracin: 


Peptone arr. pas ee eg ee ee ee 6.0 gm. 
PEVNCEEIAS CARIN ChE ~ceccsboncest one Samp ome ce: 4.0 gm. 
AViGaiS eiOX UNA Glee ig ei MeN ahare) onesie Ae a ees re nae 3.0 gm. 
BeCtrextract ts tek en ee Re oe eR fener: 1.5 gm. 
(GUC OS fies sonics 5 sb Seo eT ea ee ee 1.0 gm. 
PASAT eRe. rhc ie) Xs ete trea ME Bree ces ones gee 15.0 gm. 
Distillecdswatercy= ves ekki. oo eee caren ee ae ter 1000.0 ml. 


Dissolve with heat and adjust to pH 6.7. Autoclave at 121° C. for 15 minutes. 

Difco’s Penassay Seed Agar and Baltimore Biological’s Seed Agar are dehydrated 
products meeting these specifications. 

Penicillin Assay Base Agar. This medium is prepared according to specifications 
of the Food and Drug Administration (Federal Register, 1947, 12:2217). It is also 
used for the preparation of the base layer in the cylinder plate methods of assay of 
penicillin, chloromycetin, aureomycin, terramycin and bacitracin. This medium is the 
same as penicillin assay seed agar except for the omission of the casein digest and 
glucose. Dehydrated media are available from the sources just mentioned. 

Penicillin Assay Broth. This medium is prepared according to specifications of 
the Food and Drug Administration (Federal Register, 1947, 12:2217) for preparing 
the inoculum in the cylinder plate method and for serial dilution methods. It is also 
recommended by the F.D.A. for the turbidimetric assay of streptomycin and bacitracin, 
and for preparation of the inoculum for the cylinder plate assay of chloromycetin and 
aureomycin: 


Peptone ee sateen en es ena Ny leah eee 5.00 gm. 
VCASH MeXtraC bites... Sega eee tes Se LOTR Tee 1.50 gm. 
Beetrextract sir Pe ered tee Oe RCE 1.50 gm. 
Sodrumuchlorde sees ee eee ne er = 3.50 gm. 
GIUCOSe sorta Se erate ees <p hoe tp ee RD ee 1.00 gm. 
KEE PO pranhydtous: eee. ee ee ee ee 3.68 gm. 
KER Ope anny drOUSi eee een ee or eeaer ee re 1.32 gm. 
Distilledewater 4-5. s.cgimos: eterna ey ee ee 1000.00 ml. 


Dissolve with heat and adjust to pH 7.1. Autoclave at 121° C. for 15 minutes. 
Commercial dehydrated media meeting these specifications are available. 

Streptomycin Assay Agar. This medium is prepared according to specifications 
of the Food and Drug Administration (Federal Register, 1947, 12:2217). It is used 
for the seed and base layers in the cylinder plate method: 


PeptOne ison eats sare A tee cert yay he gee ene 5 gm. 
BGCLIOXULA CEs cine) ctl nn Ou Se oh a ae ee 3 gm 
ING AYRE eit ess Sy tare by ow ster, Soe eg ee a ee 15 gm. 


Heat to dissolve, adjust to pH 8.0 and autoclave at 121° C. for 15 minutes. Suitable 
dehydrated media are available commercially. 

Streptomycin Assay Broth No. 2. This medium is used for the serial dilution 
assay method. It is prepared according to the method of Price, Nielsen and Welch 
(Science, 1946, 103:56) as follows: 
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IBGeiSextracrrim mes Ua. einer ea Waren eH n ae MN es ca 5.0 gm 
(RED LOLIC Bair Mita hos d Mra aul. vrei tn Mum auis 21M 10.0 gm 
DOI Tin GDlORGe, tate oer. Sere Wek tg hem Ny. DSy feaitel 
iSilledewaten wie Wee on Co Ae ee pe me OOOOEm 1: 


Heat to dissolve, adjust to pH 8.0 and autoclave at 121° C. for 15 minutes. Difco 
Laboratories prepares this medium in dehydrated form as Mycin Assay Broth. 

Sabouraud’s Maltose Agar (Fisher and Arnold). For the cultivation and identi- 
fication of fungi: 


Be DtOne ep epee NE tee Oo oo ee ok ere NS 10.0 gm 
IMaltosem (technical) pwr otc eee ar ean, or ee ee 40.0 gm. 
SHOT ITY ON Koval ot See AL a eee Ae 7.5 gm. 
Beeiextracta Wilco) peer aah at eine eRe ee ee 3.5 gm. 
NCAR CT eae BONDE eich Sc Bh LUTE lena er ce RL 20.0 gm. 
Distullecliwatergecte ace y1. utes gtpbrdlrn Ue eat eee 1000.0 ml. 


Adjust to pH 5.4, tube and autoclave at 121° C. for 15 minutes. 

Sabouraud’s Glucose Agar. This medium as modified by Weidman and Springer 
(Arch. Dermat. & Syph., 1928, 18:829) is used for the routine isolation and cultivation 
of fungi: 


Peptones@Rairchild)\ym amit seer cla ao ein 10 gm. 
Giicoses (GhuGemAmM ETI Cam) csan reg seat mene ee 40 gm. 
VANE Se teresa 8 ihe AB ene OPER Paste en RON nN RS ae ARC rn Sle tat 18 gm. 
Distilledmwatereetatae tate Acre meh ned Ae deg ean a enn 1000 ml. 


Dissolve in Arnold steamer. The pH is usually 5.6 although it is not necessary to 
titrate. Dispense and autoclave at 121° C. for 15 minutes. 

Conservation Agar, for preserving cultures of fungi, is prepared in the same manner 
except that glucose is omitted. 

Cornmeal Agar. For differentiating various species of candida (monilia). It is 
also useful in studying spore forms of the dermatophytes: 


AV ell wah OTN Cc lee cg et target a vee cans ae ere ee a a 40 gm 
Weta oon Gok, od bathe coenct sera cin kan ares kere d ty anett aides 20 gm. 
Discilledewavetyase sien aca eat tet tae en Se eee 1000 ml. 


Add the cornmeal to 500 ml. of water and simmer for one hour. Filter through 
gauze. Dissolve the agar in 500 ml. of water by heating. Mix the cornmeal and agar. 
Filter through cotton gauze while the agar is still hot. Dispense and autoclave at 121° 
C. for 15 minutes. 

Sabouraud’s Glucose Acid Broth. For the cultivation of fungi and identificatior 
of candida (monilia) : 


ED LONCMIACEO, waka di ntsun ie Bette tama chs od Bete Sees 1 gm. 
(TICS Me ete ee No eal owt cd colycl, sot rime Baga ee 4 gm. 
PiecilCummatety: Mace tdae eect ae teenie iets Myleene cane eagle 100 ml. 


Dissolve with heat. Do not adjust pH. Autoclave at 121° C. for 15 minutes. 
Gastric Mucin. For enhancing the virulence of microorganisms: 


Gastric mucin (Wilson & Co., eee PHONON: ce oy came 5 gm. 
Distilledswatere wy. te lee ae Nee ete: Ie 2 100 ml. 


*—, P, Dolby Co., 3621 Woodland Ave., Philadelphia, 
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Add powdered mucin to warm water slowly and with constant stirring. If available, 
use mechanical stirrer until homogeneous consistency is obtained. Sterilize by auto- 
claving at 120° C. for 15 minutes. Store in rubber stoppered flask. 

Beef Broth For Pneumothorax. A sterile irritant solution for promoting adhesions 
in body cavities: 

Use 2 per cent peptone, extract broth. Disinfectant broth (page 381) containing 
tryptose is very satisfactory. Dispense as 100 ml. volumes in flasks. 


GENERAL BACTERIOLOGIC METHODS 


Principles. 1. While general bacteriology is an exceedingly complicated subject by 
reason of the thousands of bacterial species known to exist, the number of bacteria 
producing disease in human beings and the lower animals is comparatively small. The 
majority of these bacteria are readily detected and identified by present methods. 

2. In a few instances (VV. gonorrheae, C. diphtheriae and M. tuberculosis), a ten- 
tative identification can be made by smear examination alone. And the final identifica- 
tion of spirochetes and fusiform bacilli by this method is acceptable for practical 
purposes. In general, however, the purpose of the smear examination of stained prepa- 
rations is to determine the size, shape and tinctorial group to which an organism belongs 
so that it may be placed within some major classification group. In the diagnostic 
laboratory this procedure is a rapid method for detecting the presence of bacteria in 
clinical specimens and of determining whether such organisms are bacilli or cocci, gram- 
positive or gram-negative. It is also an aid in determining the purity and precise 
identification of established cultures. 

3. A good microscope equipped with a satisfactory oil immersion objective and 
proper illumination are essential; it is a mistake to temporize with poor objectives, 
eyepieces and inadequate lighting. 

4. The principal bacteriologic technic is that of culture. Whereas an identification 
based upon smear microscopy is largely guesswork, the culture method provides con- 
clusive evidence that microorganisms are present and, by means of colony characteris- 
tics and biochemical tests, makes possible definite identification of them. On the other 
hand, cultures require time to develop. Much effort has been spent in attempts to speed 
up growth of bacteria. Generally, this has been accomplished by the development of 
more satisfactory media, but the method of incubation is also important. The routine 
use of an anaerobic cuJture environment and/or one containing added CO, has in- 
creased both the incidence and rate of growth of primary isolations. 


PREPARATION AND EXAMINATION OF SMEARS 


1. The examination of stained smears of pus, sputum and other exudates is usually 
of value in bacteriologic examinations and diagnosis; in some instances it constitutes 
the chief means of diagnosis as in gonorrhea, Vincent’s angina, fusospirochetal gingi- 
vitis, acute contagious conjunctivitis and leprosy. 

2. Slides are preferred to coverglasses as they are less breakable, more easily 
handled and readily filed. They should be clean and not too badly scratched. 

3. Smears may be prepared with sterile cotton swabs or with flamed stiff wire loops. 


At least two should be prepared on separate slides for direct examinations. Stain one 
405 
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by the method of Gram and keep the other for a special procedure or for repetition of 
the Gram stain. 

4. It is important to have smears neither too thick nor too thin. They need not be 
larger than 1 cm. in diameter if the material is scanty. 

5. Vigorous rubbing should be avoided as the cells may be broken up and intra- 
cellular examinations made difficult or impossible. This is especially important in 
examinations for gonococci and meningococci or when making a differential count of 
cells for cytodiagnosis. The swab should be rolled on the slide and should not cover 
the same area twice. : 

6. Cerebrospinal fluid and other transudates and exudates poor in cells may be 
first centrifuged and smears prepared of the sediment. 

7. In preparing smears of agar cultures, place a loopful of water on a slide; with 
a sterile wire transfer a small amount of culture to give an opalescent suspension and 
spread into a thin layer. 

8. Broth culture smears contain fewer bacteria than those from agar. Do not cover 
an area larger than | cm. in diameter unless the fluid is very turbid. 

9. Allow smears to dry in the air or with the aid of gentle heating. A slide may 
be dried by holding it with the fingers above a bunsen flame, since a degree of heat 
bearable by the fingers will not “cook” nor harm the smear (Fig. 165). 


Fig. 165. Touching a heated slide to the back of the hand to judge the temperature and avoid 
“cooking.” 


(From Bass and Johns, Practical Clinical Laboratory Diagnosis. Courtesy of Williams and 
Wilkins Company.) 


10. Do not use the filthy and dangerous method of covering a thick wet smear 
with another slide. 

11. If the distribution of bacteria is uneven, some cells will appear gram-negative, 
others gram-positive. Base your decision upon the color of isolated organisms rather 
than upon clumped cells. 

12. In spite of careful preparation, one area of a smear may show gram-positive 
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cells, whereas in another area they may be red. Therefore, it is essential that all smears 
be Gram-stain controlled. This is done by maintaining in the laboratory daily broth 
transfers of a staphylococcus and EF. coli which once a week are streaked to agar as a 
check on the purity. Before Gram staining any unknown smear, place one loopful of 
each culture at one end of the slide. Do not omit this step. 

13. Slides which are etched on one end are convenient because they may be per- 
manently labelled with pencil before being stained. 

14. Keep all stained smears for one week and acid-fast smears at least for 6 months. 
They may be mounted in Canada balsam, cedar oil, or dammar lac, but they tend to 
fade unless the preservative is neutral. 


METHODS FOR CULTIVATING AND ISOLATING BACTERIA 
AEROBICALLY 


1. During the inoculation of a tube or plate of medium, certain precautions must 
be taken to prevent contamination by outside bacteria. Laboratory air always contains 
a considerable number of bacteria, and the dust on tables or chairs is full of bacteria. 
To minimize the chance of contamination, it is advisable to keep tables, chairs and 
window sills freshly washed. Special “sterile” rooms are sometimes installed solely for 
transferring cultures. It is also well to keep in mind that pathogenic bacteria must not 
be allowed to escape from the culture and be scattered over the table and into the 
room. Work as quickly as possible and observe at all times the precautions mentioned 
later. 

2. Pasteur transferred bacteria from a culture to a fresh medium by means of a 
pipet, now known as a “Pasteur pipet.” Since the time of Koch the wire needle or 
loop has been more generally used. These needles are made of platinum or nickel- 
chromium steel (nichrome, or stainless steel) about 0.025 inch in thickness. The latter 
is better and also less expensive. The wire needles are sterilized in the flame by heating 
to red heat. The lower part of the handle should also be sterilized. Aluminum holders 
are recommended (glass handles are very unsatisfactory because of cracking). 

The tubes should be held almost parallel with the table top to avoid air contami- 


nation (Fig. 166). 


Fig. 166. Method for holding tubes and wire for inoculation of tubes. 
(From Wadsworth, Standard Methods. Courtesy of Williams and Wilkins Company.) 
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Remove the plugs (do not flame) and hold them between the third and fourth 
fingers of the right hand; now flame the open ends of both tubes (but not too leng, 
as cracking may occur); transfer the material; reflame the ends of the tubes and 
replace the stoppers. When making smears, replace the plugs before spreading the 
material on the slide. 

3. It is not necessary to flame the stoppers before replacing them. If they are 
flamed, however, be sure to hold the test tube end of the plug low down in the flame 
to prevent the loose cotton held by the fingers from catching fire. Be sure that the 
plugs are inserted so deeply that they will not become loosened. 

4. Culture medium should be between room temperature and 37° C. when inocu- 
lated. If it is to be used within 1 to 3 days of preparation, the medium should be 
stored at room temperature in a dark cabinet. 

5. Before the day’s inoculations are begun, wash off the work bench with 5 per 
cent lysol solution to remove dust and topleave a surface layer of disinfectant. Repeat 
at the end of the day. 

6. If the specimen consists of a cotton swab, add 0.1 to 0.2 ml. of sterile broth to 
the tube. Use the swab first for culture and then place in a tube of semisolid medium, 
Make the smears from the residual moisture in the tube. It would be desirable to make 
and examine the direct smears first, but this order of things is impractical. 

7. When subculturing agar growth for identification, use a wire needle and be 
certain only one colony, or type of colony, is touched. This step is especially important 
when the subculture is made to broth. 

8. When a large amount of fluid material is to be transferred, use a sterile pipet 
with a cotton plug. When the material is very infectious, attach a piece of rubber 
tubing with mouthpiece to the pipet or use a Pasteur pipet fitted with a rubber bulb. 
As soon as the culture has been made, place the pipet in a jar containing a disinfectant. 
If the material is accidentally taken into the mouth, immediately wash out the mouth 
and gargle with at least 10 ml. of 70 per cent alcohol, and rinse thoroughly with water. 

9. If a petri plate is to be inoculated, raise the cover at one side just high enough 
to admit the wire or swab, keeping the plate as completely covered as possible to 
prevent contamination from the air. 

10. All primary isolation media should contain at least 2 mg. per cent, but not 
more than 5 mg. per cent, para-aminobenzoic acid to counteract the action of sulfona- 
mide compounds. 

11. Theoretically, penicillinase should be added too, but because this enzyme is 
heat labile, its use is restricted to certain types of specimens such as blood cultures 
and body fluids or swabs suspected of containing an appreciable concentration. Sterile 
penicillinase (Schenley Laboratories, 350 Fifth Ave., New York City) may be added 
in the ratio of 10 units per 15 ml. before the inoculations are made. Another convenient 
method is to add from 1 to 2 units to the surface of a blood agar plate at the site of 
inoculation and distribute along with the inoculum. 

12. Satisfactory inoculating equipment can be made from 26 gauge nichrome wire, 
obtained from any supply house, inserted into a metal holder. Make a wire loop of 
4 mm. inside diameter and a wire needle by bending the last 3 or 4 mm. and pressing 
it firmly against the main wire with a pair of pliers. This eliminates scratching of the 
agar surface during inoculation, 
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13. Satisfactory inoculations of clinical material to agar plates require practice and 
care. 

(a) Place the inoculum close to the edge of the plate. If the specimen is likely to 
contain very few bacteria, add 2 or 3 loopfuls close together, or, in the case of a swab, 
roll back and forth 3 or 4 times over a space 1 to 2 inches long. If the specimen is 
likely to contain many organisms, use only one film loopful or make only one roll 
with the swab. 

(b) Flame the loop and with slight pressure spread out the inoculum as shown 
in Fig. 167 for area A. 
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Fig. 167. Method for streaking agar plate culture. 


(From Opal E. Heppler’s Manual of Clinical Laboratory Methods, 4th ed. Courtesy of Charles 
C Thomas Company.) 


(c) Flame the loop again and turning the plate 90 degrees cover area B as illus- 
trated. 

(d) Turn the plate again as shown and streak area C without first flaming the loop. 

(e) If the inoculum is heavy, isolated colonies will be obtained only in area C; 
if it is light, the beginning of area A will contain all the growth. 

14. Pour Plates. Add the inoculum (not in excess of 1.0 ml.) to the center of a 
sterile petri plate and add 15 to 20 ml. of sterile melted agar as shown in Fig. 168. 
Distribute as thoroughly as possible by a rotating and tipping motion. The plate must 
be held between the hands and not left on the bench. Avoid splashing the agar on to 
the cover. If air bubbles form, remove cover and lightly flame with a bunsen burner. 
This method is less satisfactory but quicker than the shake plate method. 

Surface Streak Plates. Streak plates are made for the purpose of primary isola- 
tion, of studying colony formations of bacteria and separating different bacteria from 
a mixture. 

The first essential for making a good plate is to get the proper dilution of the 
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bacteria. Dilutions may be made either in sterile distilled water or in sterile broth. For 
delicate bacteria the latter is preferred. For making dilutions of various kinds of exu- 
dates one may have to rely much on guess work. By examining stained smears of the 
exudate under the microscope a fair idea can be obtained of the number of bacteria it 
contains, and dilution can be made accordingly. At times it is better to streak a number 
of plates in series. 
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Fig. 168. Method for pouring inoculated medium into a sterile petri plate. 
(From Wadsworth, Standard Methods. Courtesy of Williams and Wilkins Company.) 


Shake Plates. Shake plates are made when it is desired to study colonies of bacteria 
in the agar rather than on the surface, and for the enumeration of bacteria in a culture, 
milk or water. 

1. The agar medium in tubes or flasks is melted by immersion in boiling water for 
a few minutes or in the Arnold sterilizer. It is then cooled to a temperature between 
45 and 50° C. In large laboratories, or when it is desired to have melted agar ready 
at all times, the method proposed by Magath (J. Lab. & Clin. Med., 1928, 13:672) 
will be found useful. Two heaters, of about one quart capacity each, are so wired with 
a switch and lamp that in one position of the switch water is boiled in both containers 
and, at another position of the switch, the temperature is reduced to ahout 46° C. 

2. For quantitative work, as in the enumeration of bacteria in milk and water, the 
diluted material is pipetted directly into a tube of melted agar at 45° C. and mixed by 
rolling the tube gently between the palms of the hands which are tipped from side to 
side at the same time. Avoid air bubbles. Pour into a sterile petri plate (Fig. 168). 
Generally 15 to 20 ml. of agar is used in each tube. 

3. For studying colony formations, as with blood agar, the procedure is as follows: 
to the melted agar at 45 to 50° C. is added 5 to 10 per cent of defibrinated blood 
(citrated blood is also used). The bacteria, properly diluted, are then added to the 
blood agar and mixed by rolling the tube between the palms of the hands or by swing- 
ing the tube with a circular motion, taking care to prevent foaming of the medium. 
The inoculated blood agar is then poured into the plate, taking care to flame the mouth 
of the tube. The drop of agar which generally is left on the mouth of the tube should 
not be allowed to run down the outside of the tube as it often will, but should be 
wiped off with the bottom of the cotton plug. Proper dilutions are usually obtained by 
putting a loop of the culture into 5 to 10 ml. of sterile broth and taking a loop of this 
into the agar. 


CULTIVATING AND ISOLATING BACTERIA AEROBICALLY 411 


4. Or, the following method may be used. Into one of the tubes of melted and 
cooled agar place a loopful of the material to be examined. Mix well by rotating be- 
tween the palms of the hands or by very careful shaking to insure uniform distribution. 
After flaming the wire, transfer 2 loopfuls from this tube to a second and mix thor- 
oughly; repeat by placing 5 loopfuls into the third tube from the second. (This must 
be carried out rapidly as the agar may solidify before the transfers are completed and 
thus interfere with the next step.) Pour the agar from each tube into a separate petri 
plate, taking care to flame the mouth of each tube and to lift the lids of the plates just 
enough to admit the end of the tube; distribute evenly by gently rotating and tilting. 
Allow the agar to solidify, and place 
the dishes in the incubator, cover side 
down. If colonies have developed suffi- 
ciently at the end of 24 hours, examine 
both surface and deep colonies on which- 
ever plates they are separated suffi- 
ciently to permit of fishing and subcul- 
turing. Most of the colonies with this 
method of plating will be deep and very 
difficult to differentiate by their growth. 

Isolation of Aerobic Spore-Form- 
ing Organisms. When material is 
known or suspected of containing spore- 
forming bacteria and is likely to be con- 
taminated with other bacteria, a part, 
suitably diluted with sterile saline or 
broth, may be heated at 80° C. in a 
water bath for 15 minutes, or at 85° C. 
for 10 minutes, to destroy the non- 
sporulating or vegetative forms. Then 
proceed by any of the previous methods 
for isolating pure cultures. 

Elimination of spores so as to obtain 
s Pures culuite Since eaauNeabaeteia tis Fig. 169. Picking and transferring a colony with 
not a simple procedure. If the nonsporu- ihavaidtorthencicroscore: 
lating organism predominates, attempt (From Wadsworth, Standard Methods. 
dilution in broth. Providing the vegeta- | Courtesy of Williams and Wilkins Company.) 
tive bacteria are gram-negative, add 
penicillin to melted agar in a final concentration of 0.2 units per ml. or streak one 
loopful of a 100 unit solution over the surface. This should inhibit the gram-positive 
spore forms. When both types are gram-positive, streak in series 3 plates the surfaces 
of which are dry. As a last resort prepare a series of shake plates using from 20 to 25 
ml. of agar each. 

Methods for Picking Colonies. Unless well-isolated colonies are found on a plate, 
it is best to replate if possible. Examinations of the colonies may be facilitated by 
means of a hand lens, dissecting microscope or the lower power of the microscope 
(Fig. 169). The colony selected for fishing should be “ringed” with a wax pencil and 
numbered. Only a part of the colony should be removed for staining, leaving the rest 
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for transfer to sterile media as desired. The fishing is best done with a needle. Colonies 
in shake tubes are best fished by first expelling the agar as described under the Shake 
Tube Method (page 412). The agar is then cut with a sterile knife or wire close to the 
desired colony. 


METHODS FOR CULTIVATING AND ISOLATING BACTERIA 
ANAEROBICALLY 


Anaerobic bacteria include: (a) strict anaerobes which can not grow in the presence 
even of traces of molecular oxygen, and (b) muicro-aerophils which require reduced 
oxygen tension but not completely anaerobic conditions. Micro-aerophils will develop 
in broth or semisolid medium made from infusions or containing reducing substances, 
but can not grow on the surface of blood agar plates. The micro-aerophilic streptococci 
constitute a very important group of pathogens encountered in diagnostic bacteriology. 
Adequate methods must be provided for the detection of these as well as the strict 
anaerobes; otherwise, the bacteriologic examination of clinical material is incomplete. 

Suitable anaerobic conditions can be provided by chemical reducing substances 
in the medium, or by removing oxygen from the environment in which the cultures are 
incubated. Sodium thioglycollate maintains a low oxidation-reduction potential (re- 
duced oxygen tension) in the depths of tubed fluid or semisolid media. The tubes do 
not need to be sealed or placed in anaerobic jars. Several types of thioglycollate medium 
are listed in Chapter 19. 

Fluid and semisolid media, however, have limited value for primary isolation since 
separation of mixed types is impossible. The best method is the use of agar plates or 
slants. Anaerobic agar cultures can be made with the use of special petri plates such 
as those described by Spray (J. Lab. & Clin. Med., 1930, 17:203) and Brewer (Sci- 
ence, 1942, 95:587). Anaerobic agar, B-B-L (page 379), is recommended for use with 
Brewer’s method. Strict anaerobes can be isolated also by using alkaline pyrogallol 
with agar slants. 

All of the methods mentioned have the disadvantage of being individual operations 
with each tube or plate. Therefore, the best method for large-scale anaerobic culturing 
is one using agar plates and an anaerobic jar. Many methods have been described, the 
following section lists a few of the more practical as recommended procedure. 

Shake Tube Method. This method is sometimes employed for the isolation of 
micro-aerophils such as Actinomyces bovis and for the maintenance of stock cultures 
of anaerobic bacteria. Melt deep agar tubes by placing them in boiling water for 
several minutes. Cool to about 45° C. and inoculate as directed for making shake 
plates. Allow to harden and incubate. Sufficiently anaerobic conditions are usually 
found in the deeper layers of medium to cause good growth of most anaerobes. Separate 
colonies may readily be fished by expelling the agar into a sterile petri plate. This 
is best done by means of a pipet similar to a Pasteur pipet which is made from glass 
tubing. The tip of the pipet should be drawn rather thin and the end sealed in the 
flame. Gently heat the bottom of the tube in the flame to melt the agar slightly and 
to loosen it. Push the tip of the pipet through the agar and hard against the bottom 
of the tube so that the end of the pipet is broken. Now blow through the pipet and 
withdraw it as the agar is pushed from the tube. By means of the pipet the agar is 
transferred to a sterile petri plate. With a sterile wire the agar may be cut in any 
desired place to expose the colonies desired and permit fishing. 
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Sealed Broth Tube Method. Any broth or semisolid medium may be used. An 
important application is in the detection of Clostridium welchii with B.C.P. milk 
(page 385). Since the method does not provide strictly anaerobic conditions, pure 
cultures of strict anaerobes will not develop. 

1. Heat medium in boiling water for 5 minutes and cool quickly in tap water 
without shaking. 

2. Inoculate and seal immediately with melted paraffin. 

Thioglycollate Tube Method. Either fluid thioglycollate medium (Difco) or 
thioglycollate medium, B-B-L (page 379), will support growth of anaerobes. Unless 
the medium is freshly prepared, it must be heated and cooled before use. No more 
than 25 per cent of the column of medium should be colored pink or green since this 
indicates oxidation of the resazurin or methylene blue dye. 

Alkaline Pyrogallate Methods. Tusr Mreruop. The oxygen may be absorbed by 
alkaline pyrogallol in individual agar tubes as in the so-called Wright tube. The agar 
in such tubes may be inoculated either as stabs or slants, usually the latter. The cotton 
plug is clipped off with a pair of scissors and pushed into the tube for a short distance. 
On top of the plug is then placed about 1 gm. of pyrogallic acid and sodium carbonate. 
Just before inserting a tight-fitting rubber stopper, 0.2 ml. of water is poured in and 
the rubber stopper pushed in tightly. A small volume of sodium hydroxide solution (10 
per cent) may be used instead of the carbonate and water. The tube should be incu- 
bated with butt end up. 

SprAyY PLATE MeEtuHop. This plate (Fig. 170) consists of a modification of the 
McLeod method and employs a specially designed plate made of Pyrex glass consisting 
of the bottom of a petri plate and a special dish with an im- 
pressed ridge on the bottom and a rolled moat around the top 
(J. Lab. & Clin. Med., 1930, 17:203). 

1. These 2 parts are assembled, wrapped with paper and 
sterilized by baking. ; 

2. Pour the inoculated blood agar or other medium into 9: HDs Bers) anesionk 
the petri plate and immediately invert the bottom of the ap- (Courtesve of Bette 
paratus over it while the agar hardens. Hardened plates may H. Thomas Company.) 
be surface streaked. 

3. Invert; raise the petri plate and on one side of the ridge place 4 ml. of 40 per 
cent pyrogallic acid and on the other side 10 ml. of 20 per cent sodium hydroxide. 
Replace the petri plate and seal by pouring around the moat, hot paraffin, a mixture of 
2 parts paraffin and 1 part beeswax or a good grade of oil clay. One may seal in a 
string with the ends protruding from the paraffin or clay to aid in opening the dish later. 

4. Tip the dish to mix the solution and incubate. 

5. The plate may be examined repeatedly without opening and when proper 
growth has developed the plate is pried off or the string pulled to cut the seal and the 
colonies examined. 

Brewer Plate Method. The B-B-L anaerobic agar medium is recommended (page 
379), the method being as follows: 

1. The sterile medium is melted, cooled to 50° C. and distributed in about 40 ml. 
amounts if sterile 15 mm. petri plates are used and in 25 ml. amounts if 10 mm. dishes 
are employed. The former are preferred as they may be incubated for longer periods 
without drying out. It is essential that the depth of the medium in the dish should be 
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sufficient for the rim of the anaerobic cover to rest on the surface of the agar and not 
on the petri plate at any point. 

2. Allow to harden. A porous cover ‘is preferred. 

3. The medium may be inoculated before pouring or by streaking the central 
portions. 

4. After the agar has solidified replace the petri plate cover by the Brewer an- 
aerobic lid which is so designed that it touches the agar at the periphery and traps a 

small amount of air, less than 1 

«Brewer Petri Dish Cover — mm. in thickness, over the sur- 

face of the agar (Fig. 171). 

The reducing agent in the me- 

dium uses up the oxygen in this 

small amount of air and an an- 

aerobic condition develops. The 

Fig. 171. Brewer petri dish cover for anaerobic cultivation. glass rim on the lid forms a seal 

with the moist agar and no 

other seal is necessary. The methylene blue in the agar acts as an indicator and the 

center of the dish which is anaerobic becomes colorless, while there is a blue oxygenated 
edge of the plate about 5 mm. in diameter. 

Anaerobic Jar Methods. Both tubed and plated cultures may be incubated 
anaerobically in a single operation. Larger laboratories, where several or many an- 
aerobic cultures are made each day, will find one of the 
following procedures advantageous. 

Novy Jar. The Novy jar (Fig. 172) is an example of 
a jar in which the oxygen is displaced by nitrogen. The 
method is as follows: 


1. Place plates in an inverted position in the jar. 

2. Attach jar to a vacuum pump or water aspirator. A 
mercury manometer should be connected to the line by 
means of a T tube. 

3. Evacuate to at least 600 mm. of negative pressure, 
and preferably to 710 mm. Do not exceed 710 mm. be- 
cause the agar may be pulled away from the bottom of 
the petri plate. 

4. Fill jar with nitrogen (oxygen-free) from a com- !9- !72. Improved Novy an- 

: ‘ : ; aerobic culture apparatus. 
mercial tank equipped with a reducing valve. The gas (Courtest Ge UAT nee 
tank is connected by a T tube stopcock or as illustrated Thomas Company.) 
in Fig. 174. 

5. Evacuate and fill with nitrogen twice more. Do not add more nitrogen than is 
required to return mercury column to the bottom of the manometer tube. 

McINTosH AND Fitpes JAR. The McIntosh and Fildes jar illustrates the type of 
jar in which the oxygen remaining after evacuation is removed by combination with 
hydrogen by means of a catalyst (Fig. 173). This jar may be purchased ready for 
use from supply houses, but is expensive and not without danger of explosion. The 
method is as follows: 


nuns 
bi 


A.H.T. Coe 


1, Connect jar with vacuum source and evacuate as described under Novy jar. 
2. Connect binding posts on lid with an electrical source to heat the palladinized 
asbestos coil within the jar. 
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3. Attach jar to a tank of commercial hydrogen equipped with a reducing valve 
and slowly admit gas according to the directions supplied by the manufacturer. 


WEISS-SPAULDING JAR. The Weiss-Spaulding apparatus (J. 


Lab. & Clin. Med., 


1937, 22:726; and 1939, 25:305) shown in Figure 174 is satisfactory and can be 


readily set up. Cultures are placed in a sealed Hempel desiccator 
with 2.0 gm. of shredded 5 per cent palladinized asbestos and a 
tube of 2 per cent glucose in nutrient broth colored with 
methylene blue (1:100,000). The air is exhausted from the jar 
by suction to 7i0 mm. of mercury and the stopcock closed. The 
jar is then filled with CO, and again evacuated to 710 mm. mer- 
cury. Hydrogen is then slowly introduced until atmospheric 
pressure is reached. ‘lhe stopcocks are then closed and the jar 
disconnected for incubation of the cultures. The residual COs. is 
about 6 per cent. 

SPAULDING JAR MetHop, Improvep. This method, like the 
Weiss-Spaulding apparatus, makes use of the fact that freshly 
heated palladium powder absorbs oxygen in the presence of 
hydrogen excess and converts it to water. At the time of use the 
catalyst (palladium) is cool and no artificial heating is required. 
Thus, the danger of explosion is avoided, providing hydrogen is 
in excess and the jar cover is not removed until after incubation 
for at least 8 hours. 


Fig. 173. McIntosh and 
Fildes anaerobic cul- 
ture jar. 

(Courtesy of Arthur 

H. Thomas Company.) 


The apparatus * shown in Figs. 175 and 176 is a refinement of the Weiss-Spaulding 
apparatus. The type of jar lid * shown has been found convenient and is inexpensive. 


600 
Clarnp here Clamp here 


N 
i) 


Fig. 174. The Weiss-Spaulding apparatus for anaerobic cultures. 


A, Hempel desiccator; B, catalyst in jar; C, three-way cocks; D, mirror for reading column of 
mercury; E, mercury manometer; F, tank of carbon dioxide; G, tank of hydrogen; H, reservoir of 


mercury. 


* Machine Shop, Temple University School of Medicine. Philadelphia, 
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Fig. 175. Spaulding anaerobic apparatus; exposed type connections. 
Similar to connections shown in Fig. 174. 


Fig. 176. Spaulding anaerobic apparatus. 
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Each jar holds 13 petri plates and about 20 test tubes. Incubation in 10 per cent CO, 
is easily and quickly accomplished. 

The following materials are required: anaerobic cabinet *; jar lid; glass cylinder 
(A. H. Thomas Co., No. 1085-A); vacuum pump such as the Hyvac or Megavac types; 
catalyst consisting of shredded 5 per cent palladinized asbestos (any supply house); 
a round copper screen * (not shown) to cover petri plate or Coors porcelain dish 
containing catalyst; tanks of CO, and hydrogen and, if large tanks such as styles D 
to H are used, Hoke reducing valves; stopcock grease; a grease seal for the jar and lid 
surfaces such as Fisher’s Cello-Seal; oxidation-reduction indicator consisting of 2 
per cent glucose in 5 ml. of the type of culture broth in use, such as infusion or 
trypticase-soy, and 1:100,000 methylene blue. Place indicator in a small sterile test 
tube and tape to inside of jar. 

The technic is essentially that described under the Weiss-Spaulding apparatus. By 
use first of CO, and finally of catalyst-activated hydrogen, a combination of CO, and 
anaerobic incubation is obtained. 

Brewer Anaerobic Jar. This is a modification (J. Lab. & Clin. Med., 1939, 
24:1190) of the Brown jar (J. Exper. Med., 1921, 63:677) which in turn is an adap- 
tation of the McIntosh and Fildes jar. It avoids the risk of explosion by insulating the 
platinized catalyst and sealing it from the inside of the jar. This jar may also be used 
with suitable urban illuminating gas supplies (J. Lab. & Clin. Med., 1938, 23:870). 
The jar (Fig. 177) with instructions may be obtained from the Baltimore Biological 
Laboratory. 


Heating element sealed in 


al solid brass tube 
sce CUM: “(fl 
Bj [Combination of gases 1) 4 IND 
anny Wire safety gauge! pat 


C= Plasticine 110 v: 
gaske' current 


Rubber tube 


Fig. 177. Brewer modification of the Brown anaerobic jar. 
(Courtesy of the Baltimore Biological Laboratory.) 


Methods for Carbon Dioxide Incubation. Many pathogens are stimulated to more 
rapid and luxuriant growth by incubation in the presence of 6 to 10 per cent CO». 
Certain types require such an environment for primary isolation; the best known are 
Brucella abortus, meningococci and gonococci. But there are others, especially hemo- 


* Machine Shop, Temple University School of Medicine, Philadelphia. 
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lytic streptococci, and the importance of CO, incubation has been stressed by Rose 
(Am. J. Clin. Path., 1942, 12:424). 

CANDLE Jar Meruop. This is the simplest procedure available and, in fact, could 
well be substituted with advantage for the customary air incubation in a dry 37° C. 
incubator. 

1. Place tubes and inverted petri plates in any jar large enough to hold them and 
provided with a lid. A tall museum jar is satisfactory. 

2. Leave at least 6 inches between top of plates and the lid. Light a short candle 
and permit 2 or 3 drops of wax to fall on the top plate. Quickly stick candle to the 
melted wax. Hold with forceps during this step. 

3. Place on lid. Candle will burn for 30 to 60 seconds. Incubate at 37° C. 

EvACuATION-TANK Mertnop. Use a jar fitted with a stopcock such as the McIntosh 
and Fildes, Spaulding or Brewer jars, or a desiccator. 

1. Connect to vacuum, CO, tank and manometer as used in the Spaulding method. 

2. Evacuate to 76 mm. of mercury. Shut off vacuum. 

3. Open connection to CO, tank and fill to atmospheric pressure. 


METHODS FOR THE EXAMINATION OF CULTURES AND EXUDATES 


1. For smears of cultures on solid media place a small loop of water on a clean 
slide. With the needle add a minute amount of growth to the water. Mix, spread and 
dry in the air. From fluid media add a film loop of culture onto the slide; no water 
need be used. When the smear is perfectly dry, “fix” it by passing the slide back and 
forth through the flame three times (do not overheat) and allow it to cool before stain- 
ing. For special purposes fixing may be done with methyl alcohol or other reagents. 

2. In the case of petri plates, remove the cover and place it right side up on the 
table. 

3. Examine the plate with unaided eye or hand lens and ring off selected colonies 
with wax pencil on bottom of plate. 

4. Or select colonies with the aid of the low power objective of the microscope. 

5. The practice of making “shotgun” smears is unpardonable. Do not pick more 
than a single colony even though they appear similar. When in doubt as to similarity, 
make separate smears. 

6. Never touch a hot needle to a colony. First plunge it into the agar. 

Moist Preparations. For examining unstained material suspend some of the mate- 
rial in a small drop of water, salt solution or broth on a clean glass slide. Carefully, so 
as not to admit air bubbles, place a clean coverslip over the drop. Examine with any 
of the objectives of the microscope required, but it will be found necessary to reduce 
the light by partially closing the diaphragm of the microscope to obtain clear definition 
of unstained bacteria and other cells. Moist preparations are to be dropped into boiling 
water or into disinfecting solution before being cleaned as a safeguard against acciden- 
tal infection. 

Determination of Motility. Hancinc Drop Meruop. In the center of a clean thin 
(No. 2) coverglass 20 mm. square place a small loop of material to be examined (fluid 
culture or suspension of growth from solid medium). Do not spread the droplet. Place 
4 small bits of Vaseline or droplets of oil on opposite corners of the concavity of a 
hollow-ground slide. Pick up the slide, turn it over and carefully place the concavity 
over the coverglass. The slide with adhering coverglass is then picked up and quickly 
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turned over. It is not easy to focus the microscope on a hanging drop. Reduce the light 
with the diaphragm and find the edge of the drop under the low power objective, then 
turn the high dry objective into place. It is important that the objectives of the micro- 
scope be par-focal and accurately centered. Having found the edge of the drop under 
high power, the slide may be moved about carefully while under observation of the 
technician. Hanging drop preparations should be dropped into boiling water or into 
disinfecting solution before being cleaned. 

Fiat Stipe Meruop. This is very convenient but less reliable than the hanging 
drop method. Place a film loopful of broth culture on a glass slide and carefully cover 
it with a coverglass. Press down firmly until fluid has spread close to the edges of the 
coverglass. Using the low power objective get edge of the film in focus; switch to the 
high dry. The light must be reduced. Current flow is usually present at first. This is 
recognized by the fact that all the organisms are flowing in one direction. Wait for this 
to stop. Then examine closely for independent motion. Active motility by a single cell 
is sufficient. Unless active motility is seen, do not rely on this method. 


Fig. 178. Outfit for darkfield examination for spirochetes. 
(From Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) 


DarkFieLp Metuop. 1. Apparatus necessary (Fig. 178): strong illuminating lamp 
such as a small arc lamp or high power incandescent lamp; funnel stop to be placed 
in oil immersion objective to cut out rays which interfere; and a special substage 
condenser (Fig. 179). 

2. Remove substage condenser from microscope and adjust darkfield condenser in 
its place. 

3. Insert funnel stop in the oil immersion objective if one is to be used. One may 
use a special oil immersion lens of N.A. 0.80 without a funnel stop. 
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4. Center the apparatus with low power lens by getting concentric rings on the 
upper surface of the darkfield condenser and adjusting by means of the three center- 
ing screws on edge of the condenser until the rings are parallel with the circle of the 
microscopic field. 

5. Place a small drop of material to be examined on a 
scrupulously clean slide. The thickness of the slide is im- 
portant. When using American Optical (Spencer) condensers 
6748-G or H and the darkfield illuminator 6748-T, a thick- 
ness between 1.15 and 1.25 mm. is recommended. On the 
other hand, Bausch and Lomb’s No. 6745 paraboloid con- 
denser requires a thickness of 1.50 to 1.60 mm. Cover with 
clean No. 1 coverglass (avoid air bubbles). 

6. Place large drop of oil on top of condenser and put 


Fig. 179. Substage conden- 
ser for darkfield exami- } : ; 
nation. slide on stage so the oil forms a contact with the under sur- 


face of the slide. 


7. Place oil on top of coverglass and examine with oil immersion objective. A 
darkened room is helpful. 

8. The newer commercially available darkfield microscopes with a built-in light 
unit (Fig. 180) are convenient in that the instrument is ready for use without delay. 
An alternate procedure is to obtain the condenser-light source unit and to substitute 
it for the regular condenser when a darkfield examination is to be made. A funnel stop 
is also required. 


Fig. 180. Darkfield microscope with built-in light source. 
(Courtesy of the American Optical Company.) 
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METHODS FOR THE PRESERVATION OF CULTURES 


Refrigerator. Hardy organisms such as the gram-negative enteric bacilli will sur- 
vive for many weeks in the ordinary refrigerator. Staphylococci, aerobic spore-formers, 
acid-fast bacilli and most fungi may also be preserved for many weeks in the same 
manner. 

Incubator. Because metabolism is active at 37° C., viability is brief. However, 
meningococci, gonococci, H. influenzae and H. pertussis are best maintained if kept at 
37° C. and transferred to blood agar every 2 days. 

Mineral Oil. If young agar slant cultures are covered with 5 ml. of sterile (auto- 
claved) Parke, Davis mineral oil, they stay viable for many months. This method is 
applicable to most organisms except those mentioned in the incubator method. They 
may be stored at room temperature, but refrigeration is better. 

Deep-freeze. This is the method of choice for bacteria, fungi and viruses. Suspend 
a heavy agar growth in a small volume of sterile serum or B.C.P. milk. Make a number 
of small tubes by breaking 5 to 6 mm. resistance glass tubing into 3 inch lengths and 
sealing one end in a flame. Plug open end with cotton and sterilize in the hot-air oven. 
Add 0.1 to 0.2 ml. of bacterial suspension to each tube with the aid of a sterile capillary 
pipet. Remove cotton and seal open end in a flame. Most microorganisms remain viable 
for several years. But pneumococci, neisseria and hemophilus cultures should be sub- 
cultured every 6 months. When subculture growth becomes sparse, a new set of tubes 
should be prepared. Maintain the deep-freeze temperature at —20° C. or below. 
Some viruses must be maintained at —70° C. 

Mechanical Vacuum-Drying Processes. These include the use of the lyophile, 
cryochem and desivac apparatuses. Although the procedures involved are more tedious, 
the result is often worth-while. Even delicate cultures may be preserved for many 
years. An added advantage lies in the fact that tubes so prepared are suitable for ship- 
ment through the mails. These procedures are discussed more fully in Chapter 30. 


METHODS FOR STAINING BACTERIA 


Stains are most conveniently kept in dropping bottles or bottles provided with a 
rubber stopper and nipple with a short dropping pipet attached. The staining is gen- 
erally done by putting the stain on the slide, but for some purposes a staining dish is 
employed. 

Only sufficient stain for covering the smear should be used in the interests of 
economy. It should not be spread with the tip of the bottle as contamination of the 
stain may result. For solubilities see Table 20. 

Carbolfuchsin for General Staining. This is an excellent stain for bacteria in 
general and particularly the fusospirochetal organisms of Vincent’s infection. 

1. Fix the smear with gentle heat and cover with water. 

2. Add a drop or two of Ziehl-Neelsen stain or cover smear with a 1:10 dilution. 

3. Stain for 30 to 60 seconds, wash with water, dry and examine. Bacteria are of 
a deep pink color. It is important not to overstain. 
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TABLE 20. SOLUBILITIES OF SOME COMMON DYES. 


Per Cent * Soluble In: 


Dye 95 Per Cent 
are Alcohol 
Bismarck brown Y 1.36 1.08 
Bismarck brown R 1.10 0.98 
Chrysoidin Y 0.86 Heal 
Chrysoidin R 0.23 0.99 
Congo red Aas 0.19 
Crystal violet (chloride) 1.68 1323/7 
Eosin Y (Na salt) 44.20 2.18 
Fuchsin, basic, new eis 3.20 
Fuchsin, acid 
Gentian violet, see methyl and crystal violet sae oe: ee 
Janus green 5.18 eel 
Malachite green (oxalate) 7.60 toy 
Methyl violet 2.93 Sal 
Methylene blue (chloride) $55 1.48 
Neutral red (chloride) 5.64 2.45 
Picric acid 1.18 8.96 
Pyronin G 8.96 0.60 
Rosanilin 0.39 8.16 
Pararosanilin 0.26 5.93 
Rose bengal (Na salt) 36.25 1383 
Safranin 5.45 3.41 
Sudan III 0 0.15 
Thionin 0.25 0.25 
Toluidin blue O 3.82 0.57 


* These figures are for grams per hundred milliliters. 


(From Smith and Martin, Zinsser’s Textbouvk of Bacteriology, 9th ed., New York, Appleton- 


Century-Crofts, Inc.) 


Gram Stain. Hucker MoptricaTion. This method (N. Y. Agri. Exp. Sta. Tech. 


Bull., 1927, 128) is as follows: 
SOLUTION A 


Crystal violet (85 per cent dye content) 
Ethyl alcohol (95 per cent) 


Ammonium oxalate 
Water 


Mix solutions A and B, ordinarily in equal parts. It is sometimes found, however, 
that this gives so concentrated a stain that gram-negative organisms do not properly 
decolorize. To avoid this, solution A should be diluted as much as ten times, and 20 ml. 


of the diluted solution mixed with solution B. 
1. Stain 1 minute with the crystal violet solution. 
2. Wash in water. 
3. Immerse in Gram’s iodine solution for 1 minute. 
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UICSGITINEY Ai SRS Eee sie ete tet aren Ve nana fs) aie re 1 gm. 
BP OL ASSIUNTeMOCIMO es son eco See SAE ieee A eee 2 gm. 
Distilled water ......... 


4. Wash in water. 

5. Decolorize with 95 per cent alcohol for 5 to 10 seconds with gentle agitation 
or until the violet color is almost removed. 

6. Flood the slide with water. Shake off excess water and counterstain with safranin 
for 20 seconds: 


Sairanin ©,'2759% in 95% ethyl alcohol 7... |... 10 ml. 
IDistiitedmwatergrr wom mee es, UE Ih a Megane makaae eis OE 100 ml. 


7. Wash, dry but do not blot, and examine. 

KOPELOFF AND BEERMAN MopirFicaTION. This method (J. Inf. Dis., 1922, 31:480) 
is a modification of the Burke method (J. Bact., 1922, 7:159) and is recommended 
by the Committee on Bacteriological Technic of the Society of American Bacteriologists 
for those workers not satisfied with the Hucker method: 


SOLUTION A 
Methyl violet 6B (Coleman and Bell) ................. 1 gm. 
Distilled ewatetaner egg ss. =e! ces ete ace we ee ee 100 ml. 
SOLUTION B 
SOulummbicarbonatewsme Tet eke wes ao Saree es mee 1 gm. 
NONStilte diwratcrtmt ee ce Pie Lene ce Ae tea ee Sas See: eee 20 ml. 


1. Mix 30 drops of A with 8 drops of B and stain for 5 or more minutes. 
2. Rinse with iodine solution: 


TRoyaheever ‘8s 3.3) Set eens PEARS RR) eet et nie ne nee ot Ey Ged eae 2 gm. 


When dissolved make up to 100 ml. with distilled water. 

3. Add more iodine solution and stain for 2 or more minutes. 

4. Drain and blot dry without washing. 

5. Decolorize with equal parts of acetone and 95 per cent ethyl alcohol. Do this 
by adding the acetone-alcohol drop by drop to the slide while tilted until no color is 
seen in drippings. This generally takes less than 10 seconds. 

6. Dry in the air. 

7. Counterstain for 20 seconds with: 


BAST ComtUL CISTI nese pee: Git Pie i. oi otal. ey ae ee 0.1 gm. 
Dist ledeawateta a eats cit ie cack acl Rake shatetine ce 100.0 ml. 


8. Wash and dry in the air or with careful blotting. 

Loeffler’s Methylene Blue. For general staining of bacteria and for diphtheria 
bacilli: 

1. Make thin smear of material to be examined on slide. 

2. Dry in air and fix with gentle heat. 

3. Cover smear with stain and allow to stand for at least 1 minute; heat slightly 


if deep staining is desired. 
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FORMULA OF STAIN 


Methylene blue’ (certified *) =. ..2-). Be soem 0.3 gm. 
Bthylealeohole (Oe) eer ae eee tear renee 30.0 ml. 
When dissolved add 

Distilled; waters rics. hs + hor-e coe ch cea eee aoe ee 100.0 ml. 


4. Wash with tap water, blot and examine with oil immersion lens. 

Methylene blue does not stain very intensely and there is little danger of over- 
staining. It is a good stain to use when studying the morphology of organisms and 
is often employed in the examination of cultures for diphtheria bacilli. 

Wayson Stain. For staining diphtheria bacilli and for agar fixation staining of 
pleuropneumonia organisms: 

1. The stain is prepared by dissolving 0.2 gm. of fuchsin and 0.75 gm. of methylene 
blue in 20 ml. of absolute alcohol. Add the dye solution to 200 ml. of 5 per cent solu- 
tion of phenol in distilled water. Filter. 

2. Stain smears for a few seconds. Wash, blot and dry. 

Ziehl-Neelsen Stain. For staining tubercle bacilli and other acid-fast organisms 
(Diagnostic Procedures and Reagents, 2nd ed., American Public Health Association, 
New York City): 

1. Prepare carbolfuchsin solution as follows: 


SATURATED SOLUTION OF FUCHSIN 


Basic fuchsin, certified 
Ethyl alcohol OSG" sare sate Aca en te eee ere ae ee 945 ml. 


Add 300 ml. of the alcohol to 90 gm. of fuchsin. Place in water bath and heat to 
boiling for 2 minutes. Allow to stand one minute and pour supernate into a flask. Add 
a second 300 ml. of alcohol to the sediment and repeat. Add remaining 345 ml. of 
alcohol to the sediment and boil as before. Add supernate to that obtained before. 


PHENOL SOLUTION 
Phenoli crystals smelteds as sate yen eer eee 45 ml. 


Distilled water. ot ste ie a Aerie ee 945 ml 
CARBOLFUCHSIN SOLUTION 

SaAtULavedesolutTon tO. ehUGhSins eee ene nen 105 ml 

Phenolisolutione a ae a ie een ee ee 895 ml 


2. Fix smear with gentle heat. 

3. Place on staining rack and flood slide with carbolfuchsin. Steam over a flame 
for 5 minutes, renewing the stain as needed to prevent drying. Do not boil. 

4. Wash with water. 

5. Decolorize with acid alcohol until the washings are practically colorless. 


ACID ALCOHOL 


Ethyl alcohol. 95%) 4.3 ee 97 ml. 
HCl, concentrated 


* The term “certified” as applied to stains indicates a product which has been found satisfactory 
by the Commission on Standardization of Biological Stains of the Society of American Bacteriologists. 

Loeffler methylene blue stain was prepared by adding alkali to the solution. Modern purified 
samples of methylene blue do not require this. The older preparations contained acid impurities 
(Conn; Stain Tch., 1929, 4:27. Conn; Biological Stains, Geneva, N. Y., 1929, p. 67). 
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6. Counterstain with Loeffler’s methylene blue for 30 seconds. 

7. Wash with water and allow to dry in the air. Drying can be hastened by shaking 
off excess water and warming the slide gently over a flame. 

8. Acid-fast bacilli are red; other bacteria are blue. 

Kinyoun Acid-Fast Stain. This method is a modification of the Ziehl-Neelsen 
stain (Am. J. Pub. Health, 1915, 5:867) and is preferred by some workers: 


Basicatuchsinvd 00 sper en cen on: eee paren ee gear a 40 gm. 
iBhenolicrystalsanrauets scien aM ae eae ER: 80 gm. 
EthylealcoholeO Opn tere to nh ne Oe es OLS en 200 ml. 
Distilled ate tamean ence ce AM ne Pee ea Rs 1000 ml. 


1. Flood the fixed smear for 3 minutes but without application of heat. 

2. Continue as in the Ziehl-Neelsen method. 

Fluorescent Dye Method. This method described by Richards and Miller (Am. 
J. Clin. Path. Technical Suppl., No. 5, 1941, 11:1) is quite satisfactory for the detec- 
tion of tubercle and leprae bacilli although it requires a darkened room, a fluorescent 
dye (Auramine 0) and a source of ultraviolet light. 

1. Prepare a smear in the usual manner on a slide. Fix with heat. 

2. Apply the stain for 2 or 3 minutes. The stain may be prepared as described by 
Thompson (Proc. Staff Meet., Mayo Clin., 1941, 16:673) as follows: 


SOLUTION A 
Distilledswavermsts yt hi ron oe Pies Tit Gem RE ees 87.0 ml. 
Derauetvedmeplenolee wien i). eh curiae ore eee 3.0 ml. 
Mix thoroughly. 

SOLUTION B 
Ethydeal COMOROS Came Ih iar ies, ala Ome ote attests 10.0 ml. 
Auramine OvCNatvAniline: Co.)i ar 2208 dtc wetter nou igi 0.1 gm. 


Add Solution B to Solution A. 


3. Wash in tap water. 

4. Apply decolorizing solution for 2 or 3 minutes. Pour off and apply the solution 
again for another 2 to 5 minutes. The decolorizing solution is composed of 100 ml. 
of 70 per cent ethyl alcohol, 0.5 ml. of concentrated hydrochloric acid and 0.5 gm. of 
sodium chloride. If the smear is quite thick, it is advisable to double the amount of 
hydrochloric acid in the decolorizing solution and to bleach for a total of 10 minutes. 
Good decolorization is essential. An incompletely stained yellowish background 
lowers the visibility of the organisms. Prolonged decolorization, even over night, does 
not bleach the bacteria. 

5. Wash in water and dry. 

6. Examine with ordinary microscope using an 8-mm. objective and a 20 X ocular 
with accessories as illustrated in Figure 181. Set up the microscope with the yellow 
filter inside the ocular. Place the aluminized mirror over the microscope mirror and 
the blue, ultraviolet transmitting filter over the microscope lamp. It is convenient to 
focus the light before the blue filter is placed on the lamp. The microscope condenser 
should be opened completely after the blue filter is placed on the lamp. 

The room should be darkened as the bacilli appear as bright, luminous yellow 
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rods against the black background (Fig. 182). Because they are self-luminous they 
appear a little larger than usual. If the room is bright, extraneous light should be 
shielded from the examiner by a black cloth or screen between the microscope and 
the interfering light. It may take a short time for the eye to become sufficiently adapted 
to see the bright yellow organisms. When large numbers of slides are to be examined, 
a screen covering three sides of the microscope to exclude light will increase the effi- 
ciency of the worker and shorten the time required for the examinations. 


Fig. 181. Attachments for fluorescent method of examination for acid fast organisms. 


A, yellow filter to go into ocular; B, blue, ultraviolet transmitting filter for lamp. (Courtesy of 
the Spencer Lens Company.) 


7. Experience in our laboratory indicates that much time can be saved in the 
routine examination of acid-fast smears by this method since the area of the micro- 
scopic field is larger than that with oil immersion. But this method is reliable only 
when carried out by one who has had at least two weeks’ practice. Fluorescent artefacts 
are common and must be distinguished from tubercle bacilli by switching to oil im- 
mersion in order to visualize the characteristic rod shaped bacilli. After considerable 
experience the interpretation of fluorescent smears may become as accurate as of 
Ziehl-Neelsen smears. Finally, it should be mentioned that cells which are only weakly 
acid-fast by Ziehl-Neelsen probably behave as fully fluorescent cells when stained with 
auramine 0, 
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Flagella Stain. Lerrson, Mopiriep. The staining of flagella is seldom required in 
diagnostic examinations and is a difficult procedure. This method (J. Bact., 1938, 
36:656) and that ‘of Casares-Gil (J. Path. & Bact., 1921, 24:286) appear to be the 
most practical. 


FORMULA * 


Vannicua cider. Ane LOC r. ‘vee 0.85 gm. 
Sodiumeachlocrdemey wren een Ree Te TU Ua eee O50: rang 
Pararosaniline acetate nasa eees het fel Sun vane 3 a 0.35 gm. 
Ethyl alcohol, 95% Pe ct SP td og EA 35.00 ml. 
Distilledswatereee teeta ct. he es at Oe pee nots 65.00 ml. 


Dissolve the solid ingredients in the alcohol and bring up to volume with water. 
The solution is stable for 1 to 2 weeks. 


Fig. 182. Fluorescent tubercle bacilli in sputum. 


(Courtesy of the American Optical Company.) 


1. Young (8 to 16 hour) agar slant cultures are suspended in distilled water to 
make a lightly turbid suspension. Allow a loopful to run down a clean glass slide on 
which a large circle has been made with wax pencil so as to confine the smear. The 
smear should be air-dried; then fixed by passing the slide rapidly through a bunsen 
burner flame 3 times. 

2. Pour stain over the smear and allow to remain for 10 minutes. Wash off with 
water. Counterstaining is not required. 

* The Baltimore Biological Laboratory prepares a dry powder under the name of B-B-L Flagella 


Stain which may be substituted for this formula. It has the advantage of being stable for several 
weeks. 
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CasarEs-Git Meruop. This method is a slight modification of that described by 
Plimmer and Paine (P. Path. & Bact., 1921, 24:286). 


MORDANT 
PANNICHACIG teoee ni Gcee clic Oe a RECT Ca eee IE crater ha 10.0 gm. 
Aluminume chlorides (Al> Cl,.01 2H, O) es eaee eres 18.0 gm 
ZANGACHIORIGE Bane? tee eetey es, eee ne eee 10.0 gm. 
SACI Gh LI CLUISII atk onde are cs tok ee eee etc aie ae 1.5 gm. 
Alcohol 60S eby “Volk, he. terte sae eee ge ee eee 40.0 ml. 


The solids are dissolved in the alcohol by trituration in a mortar, adding 10 ml. 
of the alcohol first and then the rest slowly. This alcoholic solution may be kept several 
years. 

1. To make the preparation of bacteria: transfer 1 loopful of growth from an 
18-hour agar slant culture of the organism to 2 ml. of sterile tap water. Incubate this 
suspension at 37° C. for 10 to 15 minutes. Transfer 1 loopful carefully to an abso- 
lutely clean slide. Tilt the slide so that the drop runs down, leaving a thin film, or the 
drop may be drawn out gently with paper. Allow to dry in air. 

2. Dilute the mordant with an equal volume of distilled water, filter off the pre- 
cipitate and collect the filtrate on the slide containing the smear of bacteria. Allow 
this to act 1 to 2 minutes. A precipitate and metallic sheen should form. Wash with 
distilled water. 

3. Cover preparation with filtered carbolfuchsin and stain cold for 1 to 3 minutes. 
Wash in distilled water. Dry without blotting. 

Dorner’s Method for Spores. For this method (Manual of Methods for Pure 
Culture Studies, Biotechnical Publications, Geneva, N. Y., Leaflet IV, 7th ed., May, 
1939) prepare the following solutions: (a) carbolfuchsin as used in the Ziehl-Neelsen 
stain; (6) 5 to 10 per cent aqueous solution of nigrosin (certified). 

1. Make a heavy suspension of the organism in 2 to 3 drops of distilled water in 
a small test tube. Use the growth of the culture on an agar slant for this emulsion. 

2. Add an equal quantity of freshly filtered carbolfuchsin. 

3. Allow the mixture to stand in a boiling water bath 10 to 12 minutes. 

4. On a coverslip or slide mix 1 loopful of the stained preparation with 1 loopful 
of a freshly filtered solution of nigrosin. 

5. Smear as thinly as possible and dry slowly. 

The spores are stained red, the bodies of the bacteria are almost colorless and 
stand out against the dark gray background of nigrosin. 

Capsule Stains. Gram Metuop. Thin smears stained by the Gram method are 
frequently satisfactory. 

ANTHONY Metuop. This method (Science, 1931, 73:319) is as follows: 

1. Dry smear in air without fixation. 

2. Stain cold for 2 minutes with a 1 per cent aqueous solution of crystal violet (85 
per cent dye content). 

3. Wash with 20 per cent aqueous copper sulfate. 

4. Blot dry and examine. 

Hiss Metuop. |. Grow organisms in ascitic fluid or serum medium, or mix with 
drop of serum and from this mixture prepare smears. 

2. Air dry and fix with heat. 

3. Cover preparation with 5 per cent water solution of gentian violet and heat for 
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few seconds until steam rises (5 ml. of saturated alcoholic solution of gentian violet 
to 95 ml. of distilled water). 

4. Wash dye off with 20 per cent solution of copper sulfate crystals. 

5. Blot (do not wash) and dry thoroughly. 

6. By this method permanent preparations are obtained, the capsules appearing 
with faint blue halos around dark purple cell bodies. 

Nicrosin MEtuop. This replaces the older India ink methods since bacteria-free 
ink is difficult to obtain: 

1. Mix 1 loopful of culture with 1 loopful of 5 to 10 per cent aqueous nigrosin 
which has been preserved with 0.5 per cent formalin and freshly filtered. Allow to air 
dry and carefully fix with gentle heating. 

2. Add, but do not flood, Loeffler’s methylene blue solution or safranin solution 
as used in the Gram stain. Stain for 30 seconds. 

3. The capsule appears as a clear area between the stained organism and the black 
background. 

Spirochete Stains. Fontana (TrrIBoNDEAU) METHuHop. For staining. spirochetes 
in smear preparations: 

FIXING SOLUTION 


iNceteracideic lacia le yy) sree whee ated eRe ce URE eS 1 ml. 
Hormalmna (commercial) pan eet) eee ae eae 20 ml. 
Distillediswait Cierra Mes en Skee ace ce hg a See 100 ml. 
MORDANT 
PP AMM Cha GIy rete Ree Nee ee ee ene Lee re AL OE 5 gm 
Bheno inten aiueeere etc eytoes had Abas Wd wea ered eee oes 1 gm. 
Distilled swarer grew se epee yout. een cns ceed Seta are 100 ml 
SILVER SOLUTION 
SilVEReNUTAte iy. Chak y cet. ee Melee ee aN ete 1 gm. 
Distilled cwater weer. tl ase este MAE bien oe ens 20 ml. 


Dissolve the silver nitrate, then add drop by drop a 10 per cent ammonia solution 
until the precipitate redissolves. The solution at this stage should be slightly opal- 
escent; if clear, a few drops of silver nitrate solution should be added to give a faint 
turbidity. 

1. Prepare a smear and allow to dry; treat with the formalin fixative for 1 to 2 
minutes. 

2. Wash thoroughly with absolute alcohol; in case of smears from organs, the fat 
should be removed by the application of ether after the alcohol and a final application 
of alcohol. 

3. Pour on the tannin mordant and heat till steam rises; continue for half a 
minute. 

4. Wash thoroughly in tap water, then in distilled water. 

5. Stain with fresh silver solution for a few seconds in the cold, then pour off and 
add fresh silver solution and heat till steam rises for 15 seconds. 

6. The slide, which should now be a distinct brown color, is washed in distilled 
water, blotted and dried. The spirochetes should, if the method has been properly 
carried out, be of a blackish or brown color. The film should be mounted in Canada 
balsam, since when examined without a coverglass the cedar-wood oil discolors the 


spirochetes. 
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Nicrostin Metuop. This method of Dienst (J. Lab. & Clin. Med., 1938, 23:646) 
may be used as a substitute for darkfield examination for T. pallidum: 

1. Dissolve 5 gm. of nigrosin (Coleman and Bell) in 100 ml. of distilled water by 
heating in a boiling water bath for 30 minutes. Autoclaving is also satisfactory. Add 
1 ml. of 37 per cent formalin as a preservative. Filter before use. 

2. Mix 1 loopful of exudate with 1 loopful of water on a clean slide. Add 1 loopful 
of nigrosin solution and mix well to make a thin even smear. 

3. When smear has air-dried, place oil immersion directly on the smear and 
examine with strong light. A very sharp focus is necessary. 

KrajiAn Statn. This method (Arch. Dermat. & Syph., 1938, 38:427) may be 
used for direct smear examinations for T. pallidum: 

1. Prepare relatively thick smears. Dry in air. 

2. Flood slides for 5 minutes with a warm (60° C.) solution (very stable) pre- 
pared as follows: 


Wranivinny nitkatemyc, ater es cee greene ree es ree, epee 10 gm. 
COLTS GE G85 Goin cake ore Mersey emesis en ae ae 30 ml. 
Glycerol: aR ARE eter, ee ee ee eee endo rapes Ae 50 ml. 
ACCCON GER R OA toe eS oe ba Oe ene oes eae ANS 100 ml. 


Alcohol, ethyl, 95% ...... 


3. Wash with distilled water. 

4. Immerse for 2 minutes in a freshly prepared solution containing 3 drops of a 
saturated alcoholic solution of gum mastic per 7 ml. of 95 per cent ethy] alcohol. 

5. Shake off gum solution and blow across the smear once or twice. Rinse with 
distilled water. 

6. Flood slide with 1 per cent aqueous solution of silver nitrate and heat (do 
not boil) for 3 minutes. Pour off residue and repeat. This solution should be freshly 
prepared from a stock 10 per cent solution of silver nitrate. 

7. Pour off residue and without washing apply a thin coat of the following devel- 
oping solution: 


iy droquinone == etece eee 2 ee ee ee eee 3.1 gm 
SOCIuIMN ESUITTEET 74 ARAM, we earn Merete loaner PRaCe oAen Areas 0.6 gm 
Formalin, commercial, neutral, 40% ................. 25.0 ml. 
PN TICIT «oto eee ee en Oe ee oe ee be se eee 25.0 ml. 
Gumpemasticw savy ales (9567) col Utlon een nid 25.0 ml. 
Distiiledswater- wee. Aa EM ee ee ee oe 150.0 ml 


This solution keeps well for 2 to 3 weeks. When sediment appears, discard and 
prepare a fresh solution. 

8. Place under an electric light for 2 minutes and warm the slide gently with a 
flame. 

9. Wash with distilled water. Dry in the air. 

10. Examine under oil immersion. The finished smear should be brown. 

TUNNICLIFF METHOD FOR SPIROCHETES AND FusirormM Bacitit. 1. Make a thin 
smear of the material on a slide. Fix with heat. 

2. Cover with carbol-crystal violet (sat. alc, sol. crystal violet, 10 ml.; 5 per cent 
aqueous phenol sol., 90 ml.) for 30 seconds, 

3. Wash with water. 
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4. Cover with Gram’s iodine solution for 30 seconds. 

5. Wash with water. 

6. Cover with safranin for 30 seconds. 

7. Wash with water. 

Spirochetes and fusiform bacilli stain purplish black. Large bacterial forms are 
often granular. Capsules may be demonstrated by this method. 

Stains for Rickettsiae. CastaNepa Meruop. This method (J. Infect. Dis., 1930, 
47:416) is as follows: 


SOLUTION A 
KES PO any drotisnel\gr aqueous a ere ea ener ee 100 ml. 
ING EP Ove ZH OMZ5ooaqucoUSsaa ian nan ae te 100 ml. 


Mix and add 1 ml. of commercial formalin as a preservative. 


SOLUTION B 


Methyilbalconolvabsolutem csr set eine eerie 100 ml. 
Methylene blue (National Aniline) ................... 1 gm. 


Mix 20 ml. of solution A with 0.15 ml. of B and add 1 ml. of formalin. 


COUNTERSTAIN 


Safranin 0 (National Aniline), 0.2% aqueous .......... 25 ml. 
Aceticzacid =O: V7 aAGueouse.. -e) ew stite otis a ieee 75 mi. 


1. Make thin smear on a thoroughly clean slide and allow to air-dry. Fix with 
gentle heat. 
2. Stain with mixture of A and B for 3 minutes. 
. Drain but do not wash. 
. Counterstain for 2 to 3 seconds. 
. Wash quickly with water and blot dry. 
. Rickettsia appear as tiny light blue coccobacilli. 
mieten Metuop. 1. Prepare a 0.25 per cent solution of basic fuchsin in 
phosphate buffer at pH 7.4 (see page 366). 
2. Permit smear to air-dry and flood slide with freshly filtered stain. Stain for 4 


Dn w 


minutes. 

3. Drain and wash rapidly with 0.5 per cent aqueous citric acid. 

4. Wash quickly with tap water. 

5. Counterstain for 20 seconds with 1 per cent aqueous methylene blue. 

6. Wash with water and blot dry. 

7. Rickettsia are stained red. This method is not satisfactory for staining tissue 
sections. 

Giemsa Stain. For the staining of blood and other smears, and of tissues for 7. 
pallidum, rickettsia, virus inclusion bodies and malarial parasites: 

1. The commercial powders are satisfactory and preferred because of reproduci- 
bility. Their composition is: 


IA Zregd UCOSITI ACELUIMECC ayer Mente pki ete iieLAe sen eter: 3.0 gm. 
AGATE C PI CELTIMEM er ROU Rar fat Sacre: SG serdar SkeiN ys a 0.8 gm. 
GIyv.cenOl eG. Rae ewe e nary At Oh chess beac ecw uc is 250.0 ml. 


Methyl alcohol, neutral, acetone-free ................ 250.0 ml. 
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2. Fix the air-dried smear and fix in absolute methyl alcohol for 15 minutes. 

3. Immerse slide in a Coplin jar containing the Giemsa solution which has been 
diluted by adding 10 drops to 10 ml. of distilled water made alkaline by the addition 
of one drop of a 1 per cent aqueous K.CO, solution in 10 ml. of water. 

4. Stain for 1 to 3 hours. It is recommended that slides be made in triplicate and 
one removed after 1%, 2 and 2% hours. 

5. Rinse in distilled water and dry in the air. 

Wright’s Stain. This stain (J. Med. Res., 1902, 7:138) is primarily for the stain- 
ing of blood smears but also has certain bacteriologic applications as in phagocyte 
examinations. 

1. The commercial dry powder or solution is often more reliable than solutions 
made individually and is to be preferred. 

2. However, the stain may be prepared as follows: 


Methylene blue hydrochloride (certified) ............ 0.9 gm. 
Sodium bicarbonate, 0.5% aqueous sol. .............. 100.0 ml. 


Heat in an Arnold steamer at 100° C. for 1 hour and in a large flask so that the 
fluid layer is 1 to 2 inches deep. Cool and filter. To the filtrate add: 
Osim Ven(Cerciiied a, tina en aries aoe ete ees 1.0 gm. 
Distilled* waters. 5 © pio a eee ete dete 500.0 ml. 
Mix and filter. Collect the precipitate and dry thoroughly at 37° C. Dissolve the 
dried precipitate as follows: 
Driedkorecipitatety ss as iti eee pee Rak eer en 0.1 gm. 
Methy! alcohol, absolute, neutral, acetone-free ........ 60.0 ml. 
Filter before using. 
3. Cover the dry smear and fix for 1 minute in the methyl alcohol-stain solution. 
4. Dilute the stain on the slide by adding about an equal volume of Sorensen’s 
phosphate buffcr pH 6.5 (page 366); a metallic film forms. 
5. Stain for 3 to 5 minutes. 
6. Wash by flooding slide with the same phosphate buffer solution. 
7. Dry by blotting or in the air. 
Lactophenol Cotton Blue Stain for Fungi. 


Phenoltcrystall sees ea ac..crdcc ta nee hat Cane aarnne teri eee 20 gm. 
WAGHIGRA CIC SSy HUD tg eas et ek an I ee Ce ee 20 ml. 
Gly cerolaieepet arte ac A eee Ae ts eee eee om 40 ml. 
Distilledswateres ees. yee ee ee a eee eee 20 ml. 


Dissolve by heating gently under hot water tap and add 50 mg. of cotton blue 
(aniline blue, W.S., C.I. No. 707). 

1. Place 1 loopful of stain on a slide. 

2. Mix culture material with the stain and cover with coverglass. 

3. If air bubbles are present, heat gently over a flame. 

Seller’s Stain for Negri Bodies. 


Basic fuchsin, sat. solution in absolute methyl alcohol *... 2-4 ml. 
Methylene blue, sat. solution in absolute methyl alcohol *.. 15 ml. 
Methyl alcohol, absolute, acetone-free ................ 25 mi. 


* Since the dye content varies with different lots, it is best to use an excess of powder to make 
stock solutions; for example, 4 gm. of basic fuchsin or 2 gm. of methylene blue per 100 ml. of 
alcohol. 
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Store the stain in a Coplin jar, the lid of which is sealed with Vaseline to prevent 
evaporation. Keep in a dark place. 

Ethyl Alcohol, Seventy Per Cent. From 95 per cent alcohol prepare as follows: 
the reagents should be at 25° C. (77° F.). Add 815 ml. of 95 per cent ethyl alcohol 
to a graduated cylinder and bring volume to 1000 ml. with distilled water. 
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Study of Colonies. Surface colonies on agar media are of great value in .dentifica- 
tion. Such colonies of different bacteria may vary considerably and an experienced 
bacteriologist can often make a tentative diagnosis by the study of the surface colonies. 
This is especially true when bacteria are planted on blood agar or special media. The 
features of colonies which should be noted especially are whether they are: dry or 
moist; mucoid, rough or smooth; wrinkled, translucent or opaque; flat or elevated and 
spreading. By means of a hand lens or the low power of the microscope more details 
are brought out. 

Blood agar is particularly helpful because it shows the differential properties of 
hemolysis and greening among the gram-positive cocci. Special media frequently make 
possible the immediate recognition of certain species solely by their peculiar colony 
appearance, e.g. the black colonies of C. diphtheriae on tellurite media and the hydro- 
gen sulfide-positive species of salmonella on bismuth sulfite agar (page 391). 

Deep colonies usually are less characteristic than surface colonies, except in special 
media. In blood agar, however, they are especially informative and are the basis for 
the differentiation of the streptococci. Deep colonies can be studied with the low 
power of the microscope; or a better magnification is obtained by unscrewing the lower 
half of the low power lens of the microscope. 

Appearance in Broth. The growth in broth is often of diagnostic value. The 
growth may be homogeneous, granular, flocculent, or mucoid. A pellicle may form on 
the surface, and a precipitate on the bottom. 

Production of Pigment. A few species of bacteria produce very intense pigments 
which are characteristic and of considerable value in diagnosis. Such pigments are 
produced more abundantly in some media than in others. Loeffler’s slants are very satis- 
factory for demonstrating pigmentation. Pigment production is generally best under 
aerobic conditions and may fail altogether in the absence of oxygen, as in the case of 
Pseudomonas aeruginosa (B. pyocyaneus), Serratia marcescens and Staphylococcus 
aureus. In many instances more pigment is produced at lower temperatures so that it 
is advisable to incubate at room temperature as well as at 37° C. 

Determination of Motility. The presence of flagella is an important distinguishing 
characteristic among bacilli and is frequently needed for identification. 

1. Use the hanging drop technic described on page 418. If active motility is present, 
a flat slide preparation (page 419) is adequate. 

2. It may be advisable at times to do a flagella stain using one of the methods 
previously described. In our experience, however, this tedious procedure is rarely 
necessary. 

3. A practical and more reliable method is that first suggested by Tittsler and 
Sandholzer (J. Bact., 1936, 31:575) of using stab inoculation of semisolid medium. 
For enteric bacilli and other easily grown organisms use motility medium (page 375). 
More fastidious organisms may require the use of one of the blood culture media. 
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Motile bacteria show a diffuse zone of growth spreading from the line of stab which 
should be only to one-half the depth of the medium. Nonmotile cultures produce little 
or no spreading. Although positive results are usually obtained, it is recommended that 
incubation be continued for at least 2 days and preferably for 4 days. 

4. Temperature of incubation affects motility. Therefore, cultures for hanging drop 
examination, or in motility medium, should be incubated both at room temperature and 
ator tC: 

5. The age of the culture is also important. Use as young growth as possible. 

Demonstration of Spores. The production of endospores is a highly variable 
property among those bacilli having the potentiality to do so. They may occur in large 
numbers within the first 24 hours, as with certain of the bacillus group, or be produced 
only after many days of incubation and under specific conditions as is true of Clostrid- 
ium welchii. A culture consisting of a gram-positive bacillus should be examined period- 
ically by the following methods: 

1. Gram STAIN. One minute’s application with Loeffler’s methylene blue (page 
423) is better. 

2. Heat Test. Make a suspension of the culture in distilled water. Place tube in 
a water bath at exactly 85° C. for 10 minutes. Sub-culture to broth. Growth of the 
same type of organism establishes spore production. 

3. DorNER’s SPORE STAIN. See page 428. 

Demonstration of Capsules. Highly encapsulated bacteria give gross evidence of 
this fact by producing mucoid colonies such as is frequently seen with Klebsiella 
pneumoniae (Friedlander’s bacillus) and type III pneumococcus. 

Microscopic visualization is often definite in Gram stained smears, e.g. Cl. welchii. 
However, neither of these methods actually stains capsules. Of the several methods 
available Anthony’s (page 428) seems to be the most satisfactory. 

Relation to Free Oxygen. Most pathogens are facultative or adaptable to a wide 
range of oxygen tension and grow both on the surface of agar and in a strictly 
anaerobic environment. At the time of primary isolation, however, many pyogenic 
cocci are favored by incubation in 10 per cent CO, or in an anaerobic jar; indeed, 
some types fail to develop at all unless such conditions are provided. Streptococci are 
commonly micro-aerophilic, as are pneumococci; but staphylococci behave in the re- 
verse manner. With experience, the comparative growth on aerobic and anaerobic plates 
becomes an aid in the rapid identification of primary isolations. 

Not only is an adequate range of oxygen tension necessary for a complete bacterio- 
logic study, but identification often depends upon determination of the aerobic, facul- 
tative, micro-aerophilic or anaerobic nature of the organism. For example, a strictly 
anaerobic gram-negative bacillus certainly does not belong to the coliform-salmonella- 
shigella-proteus group, but is likely to be a bacteroid or fusiform bacillus. A discussion 
of practical anaerobic procedures will be found on pages 412 to 417. 

Determination of Nutritional Requirements. Media used for primary isolation 
are rich in growth factors and consequently support the growth of a wide variety of 
microorganisms. That is their purpose. But the identification of isolates is helped by a 
knowledge of their fastidiousness. H. influenzae will not grow in simple extract or in- 
fusion broth while nonhemophilic bacteria grow satisfactorily. Meningococci, gonococci, 
H. pertussis, brucella and C. diphtheriae (on primary isolation) are fastidious, and so 
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can be distinguished from similar nonpathogenic types by their failure to develop in 
extract or nutrient media. 

Biochemical Tests. These include a wide range of enzymic reactions which serve 
to identify microorganisms such as the fermentation of carbohydrates, alcohols and 
glucosides; the splitting of protein, protein degradation products and amino acids; 
changes in single radicals such as the reduction of nitrates to nitrites. Certain warnings 
as to the interpretation of these tests are in order. 

1. When observing a biochemical test, make certain first that growth has occurred. 
A positive reaction cannot be expected unless the test organism has multiplied. This is 
a common error among beginners with carbohydrate fermentation tubes, B.C.P. milk 
and gelatin. 

2. Watch for reversion of the reaction. Sometimes milk is fermented with acid 
production, only to be followed by nitrogen breakdown resulting in the production of 
alkaline amines which reverse the pH. 

3. When using carbohydrate fermentation broth containing an inverted Durham 
tube, make note before inoculation of any gas already present in the tube. 

4. Select only those biochemical tests which are necessary for identification. It is 
wasteful, for example, to set up an array of tests of which only one is essential for 
identification. 

Liquefaction of Gelatin and Coagulated Serum. Proteolytic activity of patho- 
genic bacteria is usually studied by inoculation into gelatin medium (page 385), or on 
coagulated serum slants, such as Loeffler’s serum medium (page 388). Gelatin lique- 
faction is determined by incubating the inoculated gelatin at 37° C. for one or more 
days and then placing it in a refrigerator to see if it will solidify. 

Reactions in Milk. Several reactions may occur: 

(a) Production of acid by the fermentation of lactose. 

(6) Production of acid and coagulation by sufficient acid to coagulate the casein. 

(c) Production of alkali by the breakdown of nitrogenous compounds into amines 
and ammonia. 

(d) Peptonization by the breakdown of casein. 

Acid production in bromcresol purple milk (page 385) is shown by a yellow color. 
If alkali is produced the color becomes deep purple. Peptonization can be detected by 
the separation of the milk into a thin supernatant fluid (whey) and an undigested 
sediment. The indicator is frequently destroyed by proteolytic bacteria. 

Action on Carbohydrates. A large variety of carbohydrates are used in the study 
of bacteria. Some of these are heat labile and cannot be autoclaved in the medium 
without undergoing some hydrolysis. However, they can often be sterilized unchanged 
in 10 to 20 per cent solution in distilled water and then added aseptically to the 
medium. Such concentrated sugar solutions are best kept after sterilization in tubes 
to prevent evaporation of the water. Very labile carbohydrates must be sterilized by 

itration through a sterile bacteriologic filter. The carbohydrates are generally added 
to media in 0.5 per cent or 1 per cent concentration. 

In the study of streptococci and allied bacteria, when the final acidity attained is 
of diagnostic importance, it is best not to add the indicator to the medium. At the end 
of the incubation period (5 to 7 days) a small amount of the culture is removed and 
the pH determined by the spot-plate method (page 369). Where it is only necessary 
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to determine whether or not acid is produced, the indicator may be added to the 
medium before sterilization. 

To demonstrate gas production, shake or stab cultures in agar media are often used. 
But by far the most common method is the use of 2 Durham tube containing broth. A 
small glass tube is inverted in the tube of medium. When the medium is autoclaved 
the inverted tube becomes filled with the medium. Any gas produced is trapped in 
the inverted tube. 

The amount of gas produced may vary with the conditions of the culture and the 
nature of the medium. Gas production may be completely inhibited by nitrates or 
nitrites in as low as 0.1 per cent concentration. It is usually carbon dioxide and 
hydrogen. The ratio of carbon dioxide to hydrogen produced is of diagnostic value in 
differentiating aerobacter and escherichia. 

Rapid Fermentation Methods. It is often convenient to determine carbohydrate 
fermentation within a few hours. This can be done by using rapid fermentation broth 
(page 393) in 1 to 2 ml. volumes and inoculating heavily from agar cultures. Any 
carbohydrate, alcohol or glucoside may be added to the basal medium, but it is recom- 
mended that the stock 10 per cent solutions be sterilized by filtration; otherwise an un- 
inoculated control must be used with each test. 

Production of Indol. This seems to be a fundamental and important property 
of bacteria. Indol is produced from tryptophane and any medium used for this test 
must contain tryptophane in appreciable quantities. The following tests are recom- 
mended: 

Oxatic Acip PAPER Test (GNEzpDA). Soak filter paper in saturated oxalic acid 
solution. Dry and cut into strips. Hang a strip of the paper in the form of a loop over 
the medium in a culture tube, securing the ends of the paper between the cotton plug 
and the mouth of the tube. Indol production is shown by the development of a pink 
color on the paper during the growth of the culture. That paper must not be allowed 
to become wet. 

Kovac’s Test. This test (Ztschr. f. Immunitatsforsch. u. exper. Therap., 1928, 
55:311) is conducted as follows: 


REAGENT 
Paradimethylaminobenzaldehyde _.. OB ats 
AY ROTBOULY 12a GONOl ee were eas Mey dant 
Hydrochloric acids (concs)men meses eh Sah g hesich oy 4 25) mle 


Add about 1 ml. of ether to a tryptone or trypticase broth culture and shake. Allow 
ether to rise to the top and form a layer. Add about 0.5 ml. of reagent so that it forms 
a layer between the medium and the ether. A red color forms at the junction and 
spreads into the ether layer. 

Reduction of Nitrates. Reduction of nitrates to nitrites demonstrates the reducing 
ability of bacteria. This reaction is not of very great diagnostic value except in isolated 
instances. The reaction may be demonstrated in either of the nitrate reduction media 
listed on page 384. A test for nitrites may be conducted as follows: 


SOLUTION A 
Suuaniiceacid |. nbs 4 gm. 
5N acetic acid * sealer 500 ml. 


* One part concentrated acid to 2.5 parts of water. 
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SOLUTION B 


AlpWaanaphthylananes. 9.3.0. hn een ee eh ie 2.5 gm. 
SINFACENIG acd sa se crores tt! tere tne Meee Bare bP ito 500.0 ml. 
Filter through washed absorbent cotton. 


To 10 ml. of culture add 0.2 ml. of solution A. Add solution B drop by drop until a 
red color appears. No more than 0.2 to 0.3 ml. is required. In the presence of nitrites 
a red azo-compound is formed. The reagents must be added in the order given. 

If a negative reaction is observed two possibilities must be considered, namely, (a) 
that the nitrate is still unchanged due to the inability of the test organism to reduce it, 
or (6) that growth was too scanty. To test for residual nitrate, add a pinch of zinc dust 
to the tube containing nitrite reagents. In a few minutes a pink color develops if nitrate 
is present. On the other hand, nitrite may have been formed and further decomposed 
to ammonia. The presence of gas and the odor of ammonia, together with negative tests 
for both nitrate and nitrite, is interpreted as positive for nitrate reduction. 

Cholera Red Reaction. This test is for the identification of V. cholera. Incubate 
culture in tryptone or trypticase water for 2 or 3 days. Add a few drops of concentrated 
sulfuric acid. A positive reaction is indicated by the development of purplish pink color 
due to the presence of both nitrite and indol. 

Voges-Proskauer Test. This test by Barrit (J. Path. & Bact., 1936, 42:441) is 
conducted for the detection of acetyl methyl carbinol, an intermediate breakdown 
product of glucose. It is used for the differentiation of escherichia from aerobacter: 

1. Inoculate 10 ml. of M.R—V.P. medium (page 384). It is best to incubate at 
30° C., but 37° C. is usually satisfactory. The test may be performed after 24 to 48 
hours. 

2. Pour 1 ml. into an empty tube. 

3. Add (a) 0.6 ml. of 5 per cent alpha naphthol in absolute ethyl alcohol and (0) 
0.2 ml. of 40 per cent solution of sodium hydroxide. 

4. Shake well and watch for a pink color in 5 to 10 minutes. The color should 
deepen with time. Do not consider test as negative until after it has stood for 4 hours. 

Methyl Red Test. This test is for differentiating between aerobacter and escher- 
ichia. The bacteria are cultivated for several (4) days in M.R.V.P. medium (page 
384). A test for degree of acidity is made with methyl red indicator by adding a few 
drops of a 0.02 per cent solution of methyl red in 95 per cent alcohol. A red color 
(acid) is called a positive reaction; a yellow color is a negative reaction. 

Production of Hydrogen Sulfide. The production of hydrogen sulfide is of some 
value in differentiating bacteria, but the test must be interpreted with caution. Media 
for this test must be carefully standardized to obtain consistent results. By adding a 
small amount of cystine or sodium thiosulfate to a medium almost any type of organ- 
ism can be made to produce hydrogen sulfide. The concentration of agar also has a 
considerable effect. Addition of meat infusion increases hydrogen sulfide production. 
The usual test for hydrogen sulfide is by means of lead acetate. 

Lead acetate agar (page 385) is one of the most satisfactory media for the detection 
of hydrogen sulfide. If hydrogen sulfide, a volatile gas, is produced in culture, it com- 
bines with the colorless lead salt in the medium to form black lead sulfide. 


* One part concentrated acid to 2.5 parts of water. 
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Another satisfactory method is the use of 5 & 50 mm. filter paper strips soaked in 
a saturated solution of lead acetate as follows: 

1. Dry the paper strips in a petri plate placed in the hot air oven for 1 hour. 

2. Use a broth or solid medium, preferably infusion broth. 

3. Immediately after inoculation, insert one strip into the tube so that one-half 
projects below the plug. 

4, Examine for blackening during incubation. 

Ferric Chloride Test for Hydrolysis of Sodium Hippurate. This test (J. Inf. 
Dis., 1922, 30:388) may be conducted in the following manner. REAGENT: 12 gm. of 
ferric chloride (FeCl,:*6H»O) dissolved in 100 ml. of 2 per cent hydrochloric acid in 
water. Transfer 0.8 ml. of culture in sodium hippurate broth (page 385) to a small test 
tube (Wassermann tube) and add 0.2 ml. of the reagent. Mix immediately and observe 
after 10 to 15 minutes. A permanent precipitate indicates the presence of benzoic acid 
(positive hydrolysis). 

Since sodium hippurate is first precipitated and later redissolved by the amount of 
reagent specified and since benzoic acid is also redissolved by a greater excess of the 
reagent, it is necessary to have the reagent and the medium balanced and to measure 
the amounts used in the test quite accurately. A control test of the sterile medium 
should always be made. If the culture is quite turbid so as to confuse the reading of 
the result, it should be centrifuged and the clear supernate used for the test. 

Solubility Test for Pneumococci with Sodium Desoxycholate. This test 
(J.A.M.A., 1935, 104:213) is conducted in the following manner: 


REAGENT 


SGU SOP GAMOENWD 524.2 sadn cckasendbeduomonoese 10 gm. 
Distilled waters sass eee at eee eee ek a 100 ml. 


If turbid, add one drop of NaOH solution. 

1. Either broth culture or a saline suspension may be tested. 

2. Place about 0.5 ml. of culture in each of 2 small test tubes. 

3. To one tube add about 0.1 ml. of sodium desoxycholate solution and to the other 
0.1 ml. of broth or saline as a control. 

4. Observe at 37° C. or room temperature for clearing which usually occurs within 
2 to 3 minutes. Hold for 15 minutes before discarding. 

5. Pneumococci, if in pure culture, are lysed as evidenced by clearing. 

Hydrolysis of Starch. 1. Add 0.2 per cent soluble starch to beef extract agar 
(page 374). 

2. Inoculate by streaking, and incubate until good growth has occurred. 

3. Flood the plate with Gram’s iodine solution. 

4. The presence of starch is evidenced by a blue color; hydrolysis by a clear color- 
less zone surrounding the streak of growth. 

Hemolysis. With sterile capillary pipet transfer to small serological test tubes 10 to 
15 drops of the broth cultures. To each tube add an equal volume of 5 per cent 
suspension in salt solution of washed rabbit blood cells. Incubate at 37° C. for 2 hours. 
The amount of laking of the blood cells is indicated by negative, 1 plus, 2 plus, 3 plus 
and 4 plus. When the test organism is a streptococcus, the lysin is called streptolysin; 
and when a staphylococcus it is staphylolysin. 

Action in Blood Agar. Bacterial colonies (deep) in blood agar are of at least 3 
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types. The designation alpha (a), beta (6) and gamma (y) of Smith and Brown has 
gained general acceptance. Any types of bacteria may produce these appearances but 
the cause may be different. Gram-negative bacilli producing the alpha type of colony 
do so because of sulfides which are produced; the alpha streptococci and pneumococci 
produce no hydrogen sulfide but change the hemoglobin to hematin which is oxidized 
to a greenish or brown substance. The alpha type of colony in the case of the cocci is 
characterized by an immediate zone of unhemolyzed blood cells, usually colored either 
green or brown. Outside of this zone is a partially clear area. The beta type of colony 
is the completely hemolytic type. Recently various bacteria have been found to produce 
double or even triple zones of hemolysis, especially following refrigeration of the blood 
plates. Differentiation of the various types of streptococcal colonies can be made with 
certainty only by means of the low power of the microscope after incubation for 1 or 
2 days, and preferably followed by refrigeration for 1 day. The blood agar plate con- 
stitutes one of the most serviceable of the culture media; the size and shape of the 
colonies frequently lend much aid in the identification of many pathogenic species as 
briefly summarized in Tables 21, 22, 23 and 24. 

For routine work a clear zone surrounding the colony is ample evidence of hemol- 
ysis. If the medium is not discolored, it may be considered as the beta type. If greening 
is present, with or without some clearing of the blood, and if microscopic examination 
shows fixed and unlyzed erythrocytes immediately surrounding the colony, it is the 
alpha type. Gamma colonies produce neither hemolysis nor greening. 

Coagulase Test for Staphylococcus. For estimation of pathogenicity: 

1. Dilute pooled human citrated plasma (preferably sterile) 1:4 with saline or 
tryptose phosphate broth (page 377). 

2. Mix a loopful of an agar culture with 0.5 ml. of plasma. 

3. Place at 37° C. and observe after 4 hours for a coagulum. Any amount of 
definite coagulation constitutes a positive reaction. 

4. If negative, place at room temperature overnight. 

5. Both cultures may also be used. In this case add 0.5 ml. of culture to 0.5 ml. of 
a 1:2 dilution of plasma. 

6. With each day’s tests use a positive control. 

7. Rabbit plasma is more satisfactory than human plasma, and whole human blood 
better than plasma (J. Bact., 1945, 50:234). 

Tillett and Garner’s Fibrinolysin Test. This test (J. Exper. Med., 1933, 58:485) 
is applied principally to group A streptococci. It has been modified slightly by Boisvert 
(J. Clin. Invest., 1940, 19:65) and may be conducted as follows: 

1. To 0.2 ml. of oxalated plasma of the patient add 0.8 ml. of sterile saline solution 
and 0.5 ml. of broth culture of sterile filtrate. Mix. 

2. Add 0.25 ml. of a 0.25 per cent solution of calcium chloride. 

3. Mix and place in a water bath at 37° C. 

4. The time at which solid coagulation occurs is noted. 

5. Continue to observe at intervals and note time at which complete dissolution 
of the clot (fibrinolysis) occurs. All tests in which the plasma clot is resistant to dis- 
solution after 24 hours’ incubation are arbitrarily terminated. The plasma of 2 or 3 
normal individuals should be tested in the same manner as controls. 

6. The plasma clots of patients recovered from hemolytic streptococcus infections 
are usually highly resistant (24 hours) to dissolution (fibrinolysis). 
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7. The results are interpreted as follows: 


+4 No fibrinolysis in 24 hours 

+3 Complete fibrinolysis in 8 to 24 hours 
+2 Complete fibrinolysis in 3 to 8 hours 

+1 Complete fibrinolysis in 1 to 3 hours 

— Complete fibrinolysis in less than 1 hour. 


Antistreptolysin Test. This is a method for obtaining serologic evidence of infec- 
tion by group A streptococcus. Its use is similar to that of the antifibrinolysin and 
antihyaluronidase tests. The following procedure is that of Rantz and Randall (Proc. 
Soc. Exper. Biol. & Med., 1945, 59:22). The test is considerably more difficult to 
perform than the antifibrinolysin test, but the results are more reliable. 

PREPARATION OF LysIN. 1. Obtain a strain of group A streptococcus known to pro- 
duce large amounts of streptolysin. Dr. Rebecca Lancefield of the Rockefeller Institute, 
New York, has kindly supplied the highly satisfactory Richards strain to a large 
number of laboratories. Prepare 500 ml. flasks of brain-heart infusion broth containing 
0.2 per cent glucose and 2 per cent proteose peptone. After autoclaving at 120° C. for 
15 minutes add sterile buffer in the form of 10 ml. of a 10 per cent sodium bicarbonate 
solution per flask. 

2. Inoculate heavily with young actively growing culture and incubate at 37° C. 
for 18 hours. Centrifuge at 3000 r.p.m. for 20 minutes. Remove the supernate. 

3. Concentrate the lysin by adding 429 gm. ammonium sulfate per 1000 ml. of 
supernate at 20° C. Remove the precipitate by centrifugation, and dissolve in phos- 
phate buffer, pH 7.0 (Na»HPO,*12H.O, 14.2 gm. and KH2PO,, 3.6 gm. per 1000 ml. 
of distilled water). The final volume should be about 4 per cent of the original culture. 

4. Transfer the brown viscous solution to cellophane sacs and dialyze for 18 hours 
against running tap water. The volume will increase. 

5. Add 9 gm. of NaCl per liter to the dialyzed material and sterilize by Seitz 
filtration. 

DETERMINATION OF THE COMBINING UNIT. 1. The lysin must be in the reduced 
state to be active. Prepare isotonic buffers at pH 6.5 as follows: 4.2 gm. of NaOH, 
3.17 gm. of KH2PO, and 3.58 gm. of Na,HPO,412H,20O per liter of distilled water. 
Prepare an M/25 solution of cysteine hydrochloride by dissolving 0.15 gm. in 25 ml. 
of buffer. 

2. Serial dilutions of lysin from 1:2 to 1:12 are made in cysteine buffer. Samples 
of each dilution are then set up in 6 small tubes as follows: 


Diluted ivswi (aly eso ee: 0.35 0.30 0.25 0.20 0.15 0.10 
Buffered cysteine (ml.) ...... 0.15 0.20 0.25 0.30 0.35 0.40 


Allow reduction to proceed for 10 minutes. 

3. It is necessary at this point to have a sample of standard antistreptolysin. Dr. 
Lancefield has generously supplied such a sample on many occasions. Add 1.0 ml. of a 
dilution of standard containing 1 unit per ml. Mix well and incubate 15 minutes at 
Ce Oe 

4, Add 0.5 ml. of a 5 per cent suspension of thrice-washed rabbit red cells to each 
tube. The suspension is prepared in the pH 6.5 buffer previously mentioned but with- 
out the added sodium hydroxide. 

5. Incubate at 37° C. for 45 minutes. Remove tubes and centrifuge. The combining 
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unit is that dilution of lysin just failing to produce hemolysis (usually 0.15 ml. of 1:8). 
The concentrated lysin just titrated is now the standard and may be stored in the 
refrigerator for long periods of time. 

DETERMINATIONS OF ANTISTREPTOLYSIN TITER. 1. Make 1:10, 1:100 and 1:500 
dilutions of the unknown serum in isotonic buffer. 

2. Dilute standard lysin so that 1 combining unit is contained in 0.5 ml. of freshly 
prepared buffered cysteine. Allow to stand 10 minutes. 

3. Add reagents to 12 small tubes as follows: 


SERUM DILUTION 


1:10 1:100 1:500 


Diluted serum Oh 0b 10)" Oke OC Or Os TOW 10:35 10 OF =e OF Or 
Isotonic buffer 0). OKs Oy OK Oey “10h 7/ O20: 4 Oro O88 
Reduced lysin Ons “O)5) OS OS Cs OS Of OS Ol Os Gis) (O5 


Unit value 20 LOOM SI2S V6 Os 25 Oles 33 SOOM OZ Sa 8 83 mel 20 Ol 2000 


4. Incubate 15 minutes at 37° C. Add 0.15 ml. of the rabbit red cell suspension 
previously mentioned and reincubated for 45 minutes. 

5. The last tube in which lysis does not occur is the antistreptolysin titer. 

6. Always run a control serum of known antibody titer. 

Antihyaluronidase Test. This is a method for obtaining serologic evidence of 
infection with hemolytic streptococcus. 

PRINCIPLES. 1. Hyaluronidase is one of the so-called “spreading factors” (Duran- 
Reynals, Bact. Rev., 1942, 6:197). It is an enzyme (or group of enzymes) which acts 
upon hyaluronic acid, a mucopolysaccharide in the ground substance of connective 
tissue and characterizing hyalin, to depolymerize it. 

2. Hyaluronic acid is widely distributed in the tissues and is present in high con- 
centration in umbilical cords. 

3. Hyaluronidase is also present in many tissues and organisms, e.g. testicle, 
spleen, snake and spider venom, leeches, Cl. welchii, pneumococcus and hemolytic 
streptococcus. 

4. The enzyme is antigenic. Therefore, infection of a human being with an or- 
ganism producing hyaluronidase results in the appearance of the specific antibody, 
antihyaluronidase. 

5. Because streptococcal hyaluronidase may be involved in the pathogenesis of 
rheumatic fever, this test is widely employed at the present time in the study of 
collagen diseases (Harris and Harris, Am. J. Med. Sci., 1949, 217:174). 

6. Three methods are available for measuring antihyaluronidase in body fluids: 
(a) turbidimetric (Kass and Seastone, J. Exper. Med., 1944, 79:319), (6) viscosi- 
metric (McClean and Hale, Biochem. J., 941, 35:159) and (c) the mucin-clot-pre- 
vention test (Robertson and others, J. Biol. Chem., 1940, 133:261). The last named 
is selected as the most practical and is described here. 

PREPARATION OF HyaLuronic Acip. The original method is too extensive for a 
complete description here. The interested reader is referred to the article by McClean 
and others (Lancet, 1943, 1:355) for details. The modifications of the method by 
Harris and Harris (just cited) are recommended and summarized as follows: 
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(a) At each extraction treat minced umbilical cord suspension in a Waring blendor. 

(6) Pour crude hyaluronate solution into alcohol-potassium acetate, rather than 
vice versa. This makes possible the substitution of 95 per cent for absolute alcohol. 

(c) Mince hyaluronic acid clot with scissors and allow to dry in air in a shallow 
layer. Remove ether by suction. These steps result in about 0.9 per cent yield. 

PREPARATION OF HyALuRONIDASE. 1. Obtain a good enzyme-producing strain, such 
as H44, of group A streptococcus. 

2. Prepare 1000 ml. of a rich broth medium such as brain-heart or Todd-Hewitt 
infusion broth. Glucose in 0.2 to 0.3 per cent concentration should be present. 

3. Inoculate flask with 100 ml. of an actively growing 6 hour seed culture. After 
18 hours’ incubation, centrifuge at 3000 r.p.m. for 30 minutes and collect in a sterile 
flask. 

4. Concentrate supernate about 10 fold by pervaporation overnight. Do this by 
distributing supernate in cellophane bags and suspending them in the open air or in 
front of a fan. Keep flask cool if possible. 

5. Filter concentrate through sintered glass or Selas filter. 

6. Place filtrate in cellophane bag and dialyze overnight against running water. 
Finally, dialyze against distilled water for 2 to 3 hours. For long storage the product 
should be lyophized, but the tubes not sealed, and stored at —10° C. An alternate and 
simpler technic for use in routine work is to distribute dialyzed material in small tubes 
(0.5 ml. per tube) which are sealed and stored in deep-freeze. Remove 1 tube when- 
ever needed, but do not use it for more than 1 day. 

TITRATION OF HYALURONIDASE. 1. Make 2-fold dilutions of the stock enzyme in 
a series of small tubes by placing 0.2 ml. of physiologic saline in each tube, adding 
0.2 ml. of a 1:10 saline dilution of the stock tube in the first tube and carrying out 
serial 0.2 ml. dilutions. 

2. To each tube add 0.2 ml. of substrate (hyaluronic acid) serum mixture pre- 
pared in the following manner: dissolve 40 milligrams of dry substrate in 10 ml. of 
distilled water and add an equal volume of 1:16 dilution of normal horse or rabbit 
serum. 

3. Add 0.4 ml. of physiologic saline and mix contents. Incubate tubes at 37° C. 
for 20 minutes. /mmediately transfer tubes to an ice-water bath. 

4, After 5 minutes add 0.2 ml. of 2 N acetic acid to each tube and shake vigorously, 
one tube at a time. Examine tubes at once for (a) mucin clot indicating no enzyme 
activity, (6) a small single fibrous clot which shows there has been partial digestion, 
and (c) flocculent precipitate which may be taken as evidence of full enzyme activity. 
The titer is that dilution of enzyme causing partial digestion, and the amount required 
is known as | unit. 

PREPARATION OF SERUM SAMPLES. Five ml. of blood is ample. If sample is to be 
used only for this test, collect blood for clotting and the separation of serum. Plasma 
is an acceptable specimen. Use serum at once or store in deep-freeze until time of 
testing. 

Method. 1. Use 3 times the titer of enzyme. Thus, 0.2 ml. contains 3 units. 

2. Make 2-fold dilutions of the serum in physiologic saline solution in 0.4 ml. 
volume using small tubes. 

3. Add 0.2 ml. of the 3x hyaluronidase solution (3 units) to each tube. 

4. Incubate for 20 minutes at room temperature. 
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5. Add 0.2 ml. of substrate-serum solution as described and complete the test 
exactly as in the titration of enzyme, beginning with 20 minutes at 37° C. 

6. The last tube showing a full clot is the end-point and the serum dilution rep- 
resented by that is the titer. The next tube should show a flocculent precipitate. If 
it contains, instead, a small mucin clot, the titer should be taken as the dilution half- 
way between those represented by the 2 end-point tubes. 

Oxidase Test. This test (J. Path. & Bact., 1934, 39:221) is for the detection of 
colonies of meningococci and gonococci in mixed cultures. 

1. Make up a | per cent solution of dimethyl paraphenylene diamine hydrochloride 
(Eastman) in tap or distilled water. A’10 ml. volume is convenient. 

2. Place in rubber-stoppered tube or bottle, and do not use after one week. 

3. Suspected colonies, usually on blood or chocolate agar, are covered with the 
solution. Neisseria at once take on a pink color which quickly changes to maroon to 
black. 

4. Do not flood entire plate. Use a capillary pipet or a loop and cover only the 
suspected colony so that other similar colonies will be available for study and sub- 
culture. 

5. This dye is toxic and viability is lost by the time the black color develops; 
however, the gram reaction is unaltered. 

6. Some workers prefer tetramethyl paraphenylene diamine hydrochloride which 
is less toxic but much more expensive. Recently the more stable oxalate salt of the 
dimethyl compound has been recommended by Carpenter and others (Science, 1947, 
105:649). 

Rapid Urease Test. For the rapid determination of proteus and urease-positive 
paracolon bacilli (Science, 1945, 101:470): 

1. Inoculate a loopful of agar culture of test organism to 1.0 ml. of urea broth 
(page 391) in a small tube. The inoculum must be heavy. 

2. Observe for a pink to red color indicating urea decomposition in 15 to 30 
minutes. 

Citrate Utilization. For differentiation of the colon-aerogenes group of bacilli: 

1. Use Koser citrate broth or Simmons citrate agar (page 383). 

2. Incubate for 2 to 5 days. Growth indicates citrate utilization; the color change 
in Simmons agar is used for differentiating members of the salmonella-shigella group. 

Tartrate Utilization. For salmonella differentiation: 

1. Inoculate to tartrate medium (page 393) by stabbing the unslanted agar. 

2. A yellow color in 24 to 48 hours indicates breakdown of tartrate. 
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REGIONAL DISTRIBUTION OF PATHOGENIC ORGANISMS 


1. When material is submitted for bacteriologic examination its source should be 
stated, as this information may indicate the probable bacteriologic findings and guide 
the method of examination; for example, pus from an acute furuncle or “boil” usually 
shows a staphylococcus in pure culture. It is therefore helpful in bacteriologic diag- 
nosis to keep in mind the regional distribution of the pathogenic organisms, although 
in smears and cultures of the skin and mucous membranes open to air contamination, 
various nonpathogenic bacteria may be encountered which are not included herewith 
except such common ones as B, subtilis, P. vulgaris and diphtheroid bacilli. 

2. No attempt has been made to include all the organisms found and described in 
the different locations listed. For example, at least 46 different species have been found 
in the saliva and an even larger number in the feces, but the majority of them are of 
little or no importance. For the identification of these the worker is referred to Bergey’s 
Manual of Determinative Bacteriology (6th ed., Baltimore, Williams & Wilkins Co., 
1948). 

3. When such material as feces containing many different bacteria is submitted for 
bacteriologic examination, the specimen should be accompanied by a request desig- 
nating the particular organism or organisms to be examined for. 

4. Since a smear of material or its culture stained by the Gram method at once 
yields very useful information, it has proved helpful to arrange the regional distribu- 
tion of organisms on the basis of this differential stain. 

5. The new nomenclature of Bergey’s Manual is given as well as the older names 
for the various microorganisms for the assistance this may give in gaining familiarity 
with the newer terminology. 

6. A few of the pathogenic microorganisms may be tentatively identified by stained 
smears alone (gonococci, diphtheria bacilli and tubercle bacilli), but the majority re- 
quire a study of cultures and of the various biologic characteristics described in this 
chapter. 


METHOD FOR THE EXAMINATION OF PUS FROM FURUNCLES 
AND CARBUNCLES 


Principles. 1. Regardless of location (skin, eyelids or external auditory canal) 
furuncles (abscesses or boils) are usually due to infection by Staphylococcus aureus 
or albus ; “‘stitch”’ abscesses and pimples are usually caused by the latter. 

2. Carbuncles are larger and more severe and are produced by hemolytic strepto- 


cocci, Staphylococcus aureus or a mixture of the two. 
449 
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3. Chronic discharging furuncles and carbuncles may show additional organisms of 
secondary infection or contamination listed later. 

4. Anthrax of the skin usually occurs as a severe furuncle with lymphadenitis. It 
is called the “malignant pustule” and is caused by B. anthracis. 

Method. 1. Prepare thin smears of pus or serous fluid on slides and stain by the 
method of Gram for: 


(Staphylococci 

Beta hemolytic streptococci 
Gram-positive 4 B. anthracis 
Diphtheroid bacilli (contaminants) 
B. subtilis (contaminant) 


(Pseudomonas aeruginosa (B. pyocyaneus) 
Gram-negative 4 Coliform bacilli (Z. coli, and others) 
Proteus group 


2. Inoculate (a) aerobic blood agar plate and (0) either an anaerobic blood agar 
plate, or a tube of thioglycollate medium (page 379). 

3. Place antibiotic disks (page 557) on the blood agar plates. 

4. Incubate for 24 hours. Examine colonies on blood agar and proceed according 
to tentative identification by methods described under Methods for Identification. 

5. If no growth occurs on aerobic plate, but thioglycollate medium is turbid, 
examine microscopically and subculture to blood agar aerobically and to anaerobic 
agar (page 379). 


METHODS FOR THE EXAMINATION OF INFECTED WOUNDS 


Principles. 1. Traumatic wounds are likely to become infected with both aerobic 
and anaerobic organisms from the skin, clothing and foreign bodies. There is usually 
a latent period of 12 to 24 hours during which but few bacteria are found. 

2. Gangrene is usually caused by one or more of the pathogenic anaerobic bacilli 
in association with aerobic organisms and is separately described on page 451. 

3. In the ordinary infected wound aerobic methods of examination are usually 
sufficient. If, however, gangrene or tetanus infection is suspected, anaerobic culture 
methods should be included as described under Methods for Examinations in Gangrene. 
The areas at which smears and cultures are made should always be those in which 
bacteria are most likely to be present in large numbers as around foreign bodies, 
necrotic bone and deep in the sinuses and crevices of the wound. 

Methods. 1. Pus or secretions may be collected on sterile swabs and sent to the 
laboratory, or smears and cultures may be directly prepared. 

2. Prepare thin smears on slides and stain by the method of Gram; any of the 
following organisms may be present: 


Staphylococci 

| Beta streptococci 

| Micro-aerophilic and anaerobic streptococci 
Enterococci, usually alpha type 
Diphtheroids (usually contaminants) 
B. subtilis (contaminant) 


Gram-positive - 
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Pseudomonas aeruginosa (B. pyocyaneus) 
Gram-negative < Proteus group 
Coliform group (escherichia-aerobacter) 


3. Streak (a) aerobic blood agar plate, and (6) anaerobic blood agar or inoculate 
thioglycollate medium. 

4. Place antibiotic disks on freshly inoculated plate (page 557). 

5. Incubate 24 hours. Examine growth and proceed as under Methods for Iden- 
tification. 

Bacteriologic Control of Treatment of Infected Wounds. 1. There should be 
no disinfectant treatment of the wound for at least 2 hours before smears and cultures 
are made. 

2. Every day or two smears should be made on slides with a sterile inoculating 
wire or sterile swabs, care being taken to obtain material from the worst parts of the 
wound. 

3. Dry in the air. Fix with heat. Stain by the Gram method. 

4. Wash with water, dry and examine with oil immersion lens. 

5. Estimate the average number of bacteria per field. The results may be charted. 

6. As long as there are over 50 bacteria per field, closure of the wound is contra- 
indicated. 

7. If there are 50 or less, make the examination each day and also culture to 
blood agar for hemolytic streptococci. 

8. If smears show gram-positive bacilli resembling the anaerobes, make careful 
anaerobic cultures. 

9. The presence of hemolytic streptococci in any number contraindicates closure. 

10. The presence of a few contaminants (2 or 3 per field) does not contraindicate 
secondary suturing of the wound. 

11. Cultures made from wounds recently treated with chlorine or mercurial com- 
pounds may be freed from their bacteriostatic activity by inoculation of thioglycollate 


medium (page 379). 
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Principles. 1. Gangrene of wounds is usually due to infection with one or more 
of the pathogenic, anaerobic, spore forming bacilli. 

2. As a general rule secondary infection with staphylococci, streptococci, or any 
of the aerobic organisms mentioned under Methods for the Examination of Infected 
Wounds is usually present. 

3. Gangrene due to vascular occlusions as in Buerger’s disease, or diabetes mellitus 
usually shows secondary infection or contamination with aerobic organisms. 

4. Gangrene of infected wounds may be predominantly gaseous or phlegmonous. 
The large, gram-positive, spore forming and anaerobic bacilli responsible for the 
infection of wounds are usually the result of contamination with dirt, as their natural 
habitat is the intestinal tract of man and animals with spores occurring in manured 
soils. 

5. Any one or more of the following gram-positive bacilli may be found in smears 
and cultures: 
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(a) Clostridium welchii (perfringens) primarily responsible for gas gangrene 

(b) Clostridium septicum (oedematis-maligni) primarily responsible for phleg- 
monous gangrene 

(c) Clostridium novyi (oedematiens) in phlegmonous gangrene 

(d) Clostridium histolyticum 

(e) Clostridium sporogenes 


6. These are the principal members of the group, but other doubtfully or non- 
pathogenic species may be present. The identification and differentiation of the bacilli 
of this group are ordinarily quite difficult although Clostridium welchii is readily 
identified. 

7. Wounds, including gangrene, may be also infected with Clostridium tetani, and 
it is good practice to include examination for this bacillus as described later. 

Methods. 1. It is advisable to collect some of the serous or serogaseous exudate or 
pus for the preparation of smears and cultures; the material may be collected on 
sterile swabs. Excised portions of necrotic tissue and spicules of bone are also suitable. 

2. Prepare smears on slides and stain by the method of Gram (decolorize with 
alcohol). The organisms just mentioned occur as large, gram-positive bacilli with or 
without capsules; spores are rarely present, but occur in cultures. Staphylococci, 
streptococci and other gram-positive and negative organisms mentioned earlier under 
Methods for the Examination of Infected Wounds may be present. 

3. Streak (a) aerobic blood agar plate, and (b) some type of anaerobic agar me- 
dium. Also inoculate thioglycollate medium. 

4. Place antibiotic disks on agar plates. 

5. The greatest difficulty in plating arises when spreading types are present and 
especially Cl. tetani, Cl. sporogenes, Cl. septicum and species of Proteus. This tendency 
is considerably reduced if the surface of the medium is kept relatively dry by placing 
in the jar 1 or 2 petri plates half filled with granular calcium chloride. 

6. Surface and subsurface colonies may be visible in 18 to 24 hours but usually 
reach their maximum growth in 72 hours. 

7. Examine the colonies for size and shape. The surface colonies may be classified 
according to Reed and Orr (Am. J. M. Sc., 1943, 206:379) as follows: 


Form A =Large (2 to 4 mm.), raised, smooth to slightly folded with entire or 
undulate margins. 

Form B= Smaller (1 to 2 mm.), raised, smooth to slightly folded or irregular, with 
entire to undulate or serrate margins. 

Form C = Minute (0.1 to 0.2 mm.), raised, smooth and entire to slightly irregular 
with short rhizoids. 

Form D = Moderate to large (1 to 5 mm.), raised, irregular, with widespreading 
rhizoids. 

Form E = Irregular granular with delicate spreading rhizoids to irregular spreading 
rhizoids without any definite formed colony structure. 


8. Note the presence or absence of hemolysis. 

9, Prepare and examine smears of selected colonies stained by the method of 
Gram (decolorize with alcohol). 

10. Inoculate tubes of the following media with suspicious colonies (a) iron milk, 
(6) anaerobic fermentation medium (page 381) for acid production (glucose, maltose, 
lactose, salicin, sucrose), (¢) lead acetate agar for hydrogen sulfide production by 
clostridia, (d) gelatin medium for clostridia, (e) nitrate reduction medium for 
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clostridia and (f) peptone medium for indol production by clostridia. Incubate in an- 
aerobic jar for 24 to 72 hours and identify according to the key shown in Table 25. 

Animal Inoculation Test for Cl. welchii. 1. Inject a rabbit intravenously with 
1 to 3 ml. of a saline suspension of infected material or fluid culture. 

2. Five minutes later kill the animal and place the body in an incubator at 37° C. 
for 12 to 18 hours. 

3. Cl. welchii produces distention with gas and bubbles may be formed in the 
heart, arteries and liver (extremely friable). Prepare smears and stain by the method 
of Gram. Inoculate iron milk (page 386), cooled to 42° C. and incubate for 24 hours 
for evidence of “stormy fermentation.” 

4, Large, encapsulated, gram-positive bacilli and “stormy fermentation” are pre- 
sumptive evidence of the presence of Cl. welchii. The method is not infallible, however, 
as the findings may be due to postmortem invasion by anaerobic organisms from the 
intestinal tract of the animal. 

Animal Protection Test for Diagnosis of Gaseous and Phlegmonous Gangrene. 
1. Prepare a saline extract of macerated gangrenous tissues or wound exudates. Or, any 
of the primary cultures may be used. 

2. Inject a guinea pig intra-abdominally with 300 to 500 units of gas gangrene- 
tetanus antitoxin. 

3. Thirty minutes later 1.0 ml. of the suspected material to which has been added 
0.2 ml. of 10 per cent calcium chloride solution to produce irritation, is injected intra- 
abdominally. 

4. At the same time a control animal (no antitoxin) is given a similar injection. 

5. Observe for 24 to 48 hours. If the control animal becomes sick or dies and the 
protected guinea pig remains well, evidence is obtained of toxin production by a mem- 
ber of the clostridium group. The peritoneum and heart blood should be cultured to 
blood agar, iron milk and thioglycollate medium for identification of the species in- 
volved. 

6. If neither animal dies, the results indicate the absence of toxin-producing 
clostridia. If both die, the specimen contained virulent organisms other than clostridia. 
Streptococci, staphylococci or Proteus vulgaris will probably be recovered on the 
autopsy blood agar plates. 

7. The same (toxigenicity) test can also be carried out in mice instead of guinea 
pigs. Use 50 units of antitoxin. 


METHOD FOR EXAMINATION IN TETANUS 


Principles. 1. So few tetanus bacilli are present in wounds producing tetanus that 
the bacteriologic diagnosis is usually quite difficult. 

2. Whenever possible material for bacteriologic examination such as pus, tissue 
scrapings and foreign substances should be obtained from the depths of the wound. 
These may be collected on sterile swabs or emulsified in a small amount of sterile saline 
solution and sent to the laboratory. 

Method. 1. Direct smears are of little value except to indicate the general nature 
of the bacterial flora. Cl. tetani appears as a long thin bacillus, but the characteristic 
drumstick spores are rarely encountered in direct smears. 

2. Inoculate (a) aerobic blood agar; () anaerobic blood agar, an agar slant using 
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the alkaline pyrogallol method or B-B-L anaerobic agar plate; (c) cooked meat 
medium in an anaerobic jar, or thioglycollate medium. 

3. Incubate for 24 to 72 hours. Examine growth for long slender gram-positive 
bacilli with drumstick spores which are round and terminal (Fig. 183). 

4. Inoculate 2 mice intramuscularly in the groin with 0.2 ml. of exudate or culture; 
one mouse to receive 30 minutes earlier 50 units of tetanus-gas gangrene antitoxin intra- 
abdominally. In 24 to 96 hours the unprotected 
mouse should develop evidence of local tetanus 
which begins with rigidity of the leg at the site of 
injection and extending anteriorly. 

5. Obtain a pure culture of the filmy, fern- 
like growth on solid media and identify according 
to Table 25. 


METHODS FOR EXAMINATIONS OF 
LYMPH NODES 


Principles. 1. The bacteriology of the lym- 
phatic glands is quite varied and their bacterio- 
logic examination is greatly aided by a knowledge 
of the clinical aspects of each case for the selec- Fig 183. Drumstick Shee of Clostridium 

tetani. Gram stain. x 1200. 
tion of technic to be employed. (From Smith and Martin, Zinsser’s 

2. Suppurative lymphadenitis is always likely Textbook of Bacteriology, 9th ed. Cour- 
to occur in association with infected wounds and tésy of Appleton-Century-Crofts, Inc.) 
lymphangitis. When pus is examined bacterio- ; 
logically immediately after spontaneous discharge or incision, the infecting organism 
is likely to be found in pure culture and is usually a streptococcus or staphylococcus. 

3. Suppurative infection of the lymphatic glands of the neck is usually secondary 
to infection of the throat and the pus is likely to show a streptococcus, staphylococcus, 
pneumococcus or a mixture of these organisms. 

4, Any of the superficial lymphatic glands and especially those of the neck may 
become infected with Myco. tuberculosis producing tuberculous adenitis. When sup- 
puration occurs, secondary infection with staphylococci or streptococci is commonly 


encountered. 
5. Chronic open suppurative and tuberculous adenitis almost always shows mixed 


secondary infection or contamination with any of the following organisms in addition 
to those of the primary infection: Ps. aeruginosa (B. pyocyaneus), proteus, coliform 
bacilli and enterococci as secondary pathogens, and diphtheroids and coagulase-nega- 
tive staphylococci as contaminants. 

6. Suppurative adenitis of the groin in association with gonorrhea is usually due to 
mixed infection with the gonococcus, coagulase-positive staphylococci, enterococci or 
coliform bacilli. 

7. In chancroidal infection the pus from the associated adenitis usually shows H. 
ducreyi in pure culture or in association with staphylococci and streptococci. 

8. In bubonic plague Past. pestis is generally recovered in pure culture. 

9. Lymphadenitis is also commonly associated with the ulceroglandular type of 
tularemia. Bacteriologic examination of the pus may show the presence of Past, 
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tularensis, usually in association with a staphylococcus or a streptococcus; sometimes 
either or both of the latter are found in smears and cultures. 

10. The lymphatic glands are usually infected during the early stages of syphilis 
but rarely suppurate. Examinations for Treponema pallidum are sometimes requested. 

11. Suppurative lymphadenitis due to mycotic infections as in actinomycosis, 
sporotrichosis and blastomycosis is likely to show the primary organism in the pus 
usually in association with a staphylococcus, streptococcus or other organisms of sec- 
ondary infection. 

12. Chronic adenitis in association with Hodgkin’s disease or lymphatic leukemia 
rarely suppurate and bacteriologic examination of these, as well as the enlarged glands 
of cancer and sarcoma, may reveal the presence of diphtheroid bacilli and other 
organisms without etiologic relationship to the primary disease. 

13. Brucella organisms may be recovered from enlarged lymph nodes in chronic 
brucellosis. The tissue or exudate should be cultured in tryptose broth or the Castaneda 
brucella medium (page 395) in the manner recommended for isolating brucella from 
the blood, including CO, incubation. 

Methods for Examination of Pus in Suppurative Lymphadenitis. 1. The pus 
should be secured by incision or aspiration as soon as possible after spontaneous 
rupture. It may be collected on sterile gauze or swabs. 

2. Prepare thin smears on slides and stain by the method of Gram. 

3. Inoculate aerobic blood agar and thioglycollate medium or anaerobic blood agar, 
and such other special media as are indicated by the source and diagnosis. 

4, Place an antibiotic disk (page 557) on the freshly inoculated plates. 

5. Incubate at 37° C. for 24 to 48 hours. Examine colonies; prepare smears and 
stain by Gram method. 

6. In ordinary acute lymphadenitis a streptococcus or a coagulase-positive staphy- 
lococcus is usually found. In chronic suppurative lymphadenitis these may be present 
along with organisms of secondary infection or contamination such as Ps. aeruginosa 
(B. pyocyaneus), proteus, coliform bacilli, enterococci, diphtheroids, coagulase-nega- 
tive staphylococci and B. subtilis. 

Method for Examination for Tubercle Bacilli. 1. Prepare smears on slides and 
stain by Ziehl-Neelsen method. 

2. Examine carefully for acid-fast bacilli. 

3. If present they are likely to be tubercle bacilli, but this diagnosis should be 
confirmed by culture and/or guinea pig inoculation. 

4. Prepare cultures on Petragnani or Lowenstein media. If routine blood agar 
cultures are negative, growth of tubercle bacillus can be obtained most rapidly by 
direct inoculation of Tween-albumin broth (page 398). 

5. If a gland has been removed, place a portion in 10 per cent formalin for micro- 
scopical examination of sections. The balance should be finely minced or emulsified 
under aseptic conditions in sterile saline. Cultures are then prepared and/or guinea 
pigs inoculated. 


METHOD FOR EXAMINATION OF FISTULAE 
Principles. 1. Fistulae are usually chronic with mixed infection or contamination 
by two or more organisms. 
2. They may occur in connection with tuberculous or pyogenic osteomyelitis and 
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arthritis, following operations, in actinomycosis or other fungus infections of the skin, 
sarcoma and carcinoma. 

3. It is sometimes difficult to determine the nature of the primary infection be- 
cause of the presence of such secondary organisms as Ps. aeruginosa (B. pyocyaneus), 
proteus, coliform bacilli, enterococci, diphtheroids, coagulase-negative staphylococci 
and B. subtilis. 

4. Whenever possible fragments of tissue or bone or scrapings should be examined 

rather than a swab specimen of pus. Otherwise material should be obtained from the 
_ deeper parts on sterile swabs. 

Method. 1. After the swab or ground-up tissue has been cultured, prepare thin 
smears on slides and stain by the Gram method. If tuberculosis is suspected, stain by 
the Ziehl-Neelsen method and examine carefully for acid-fast bacilli. If actinomycosis, 
blastomycosis or sporotrichosis are suspected, examine wet preparations. 

2. Prepare cultures on blood agar plates for ordinary organisms, place antibiotic 
disks on the freshly inoculated plates. Bits of tissue or fragments of bone may be 
placed in broth or thioglycollate medium, incubated at 37° C. for 24 hours, smears 
examined and plates prepared for isolation if more than one organism is present. 

3. If tuberculosis is suspected, prepare special cultures although it is difficult to 
secure the tubercle bacilli under these conditions. Conduct a guinea pig inoculation test. 

4. If a pathogenic fungus or yeast is suspected, use Sabouraud’s glucose agar 
(page 403) at room temperature and a blood agar plate at 37° C. Allow at least 5 days 
of incubation. 


METHOD FOR EXAMINATION OF ULCERS 


Principles. 1. Ulcers may occur on the skin, cornea and various mucous mem- 
branes (conjunctivae, nose, throat, mouth, vagina, urethra, bladder or rectum) due 
to a wide variety of infections with pathogenic bacteria, fungi and yeasts. 

2. The methods of examination to be employed, therefore, will largely depend 
upon the nature of the infection suspected. 

3. Secondary infection or contamination is common and the bacteriologic detec- 
tion of the primary or specific infection may be difficult. 

4. Ulcers due to vascular occlusion or trophic changes invariably become infected 
or contaminated with pathogenic and nonpathogenic organisms. 

5. Material may be collected as described on page 331. The method is important, 
as mere surface collections may fail to reveal the organism of primary infection. An 
effort should be made to collect material from the base or depths of the ulcer after 
cleansing. Sometimes removal of tissue by biopsy is required for acceptable bacterio- 
logic examination. 

Method. 1. Prepare thin smears. Stain by method of Gram. Stain for acid-fast 
bacilli if tuberculosis is suspected. Examine fresh material by darkfield method if 
syphilis, or with dilute carbolfuchsin if Vincent’s infection, is suspected. Examine wet 
preparations if infection with fungi or yeasts is suspected. 

2. Inoculate broth and prepare blood agar plates by surface streak method for 
ordinary pyogenic organisms. Use Petragnani or Lowenstein media if infection with 
Myco. tuberculosis is suspected. Use Sabouraud’s glucose agar at room temperature 


and blood agar at 37° C. for fungi and yeasts. 
3. Guinea pig inoculation is indicated for the detection of Afyco. tuberculosis ; 


458 DIAGNOSTIC BACTERIOLOGIC METHODS 


testicular inoculation of rabbits may be employed in the detection of Treponema 
pallidum. 


METHOD FOR EXAMINATION OF GRANULOMATOUS LESIONS 


1. Granulomata of infectious origin may be a manifestation of syphilis, granuloma 
inguinale, lymphogranuloma venereum, tuberculosis, a mycosis or, with soft lesions, 
of chancroid. 

2. In general, the collection of material is the same. It is essential that surface 
contaminations and cell debris be reduced to an absolute minimum. Since the organisms 
are in the tissues, tissue itself must be obtained. 

3. Cleansing should be carried out with saline-soaked gauze and finally with dry 
gauze. If desired, infiltrate surrounding tissue with novocain solution. Ordinarily, this 
is not necessary. 

4. Select an area near the periphery of the lesion and scrape off tissue until bleed- 
ing occurs. Wait a few seconds for exuded tissue fluid to appear and collect it. A scalpel 
or a small uterine curet are suitable instruments. If the lesion is not too painful, or if 
novocain has been used, a piece of tissue the size of a match head is particularly 
satisfactory. 

5. Deposit the scrapings in 0.1 to 0.2 ml. of saline solution. 

6. Make a wet preparation for fungi, a Gram stain for H. ducreyi, an acid-fast 
stain for tubercle bacilli, a specially stained (Giemsa) smear for the Donovan bodies 
of granuloma inguinale or a darkfield examination for spirochetes depending upon the 
suspected etiology. The virus of lymphogranuloma venereum can be demonstrated by 
inoculation of mice or chick embryos. 

7. Tissue should be minced thoroughly in the saline and the pieces used for making 
contact smears. The fluid portion is, of course, examined also. 

8. Prepare cultures for fungi, H. ducreyi or tubercle bacilli, if indicated. 


METHOD FOR EXAMINATION OF THE EYES 

Principles. 1. Infections of the eye in relation to bacteriologic diagnosis are usually 
those involving the lids (hordeola and blepharitis); the conjunctivae (acute and 
chronic conjunctivitis) ; the cornea and fluid of the anterior chamber (acute and chronic 
keratitis with or without ulcers); the iris and anterior chamber fluid (in acute and 
chronic iritis); the lacrimal ducts and sac (dacrocystitis) and sometimes the lens, 
choroid, retina and fluid of the posterior chamber. 

2. Smears and cultures of the conjunctival sac are also sometimes required before 
iridectomy and other operations for the purpose of determining whether or not pre- 
paratory disinfection is required. 

3. Blood agar plates are suitable for the preparation of cultures. When pus and 
secretions are collected on sterile swabs, smears and cultures should be promptly made. 

4. Material may be collected as described on page 331. Well prepared smears of 
pus or secretions are of great value in the bacteriologic diagnosis of conjunctivitis. 
Local treatment should be stopped until sufficient material is obtained for smears and 
cultures. 
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5. Eye infections may be caused by viruses. If no significant bacteria are isolated, 
conjunctival scrapings should be obtained and examined as described in Chapter 26. 

Method. 1. Stain thin smears by the method of Gram and examine. Fresh wet 
preparations should be made and examined in suspected infection with fungi and 
yeasts. 

2. Inoculate swab or scrapings to (a) aerobic blood agar, (b) either anaerobic 
blood agar or thioglycollate medium, and (c) a tube of broth. Place antibiotic disks 
(page 557) on the plates. Loeffler’s serum medium should be inoculated for Moraxella 
lacunatus, the cause of angular conjunctivitis, which does not grow on blood agar. In- 
cubate for 24 hours and examine closely for pyogenic cocci and hemophilus organisms. 

3. Material may be examined for Myco. tuberculosis by the Ziehl-Neelsen method 
and cultured on special media. 

4. The following organisms may be found in infections of these parts: 


PATHOGENIC 


Coagulase-positive staphylococci 
Beta streptococci 

Alpha streptococci 
Micro-aerophilic streptococci 
Pneumococci 


C. diphtheriae 
Gram-positive 
NONPATHOGENIC 


Coagulase-negative staphylococci 
Gamma streptococci 

Gaffkya tetragena (M. tetragenus) 
B. subtilis 

Diphtheroids (including C. xerosis) 
{ Yeasts and fungi 


PATHOGENIC 
H. influenzae 
H. parainfluenzae 
Moraxella lacunatus (Morax-Axenfeld) 
Moraxella liquefaciens 
Koch-Weeks bacillus (H. influenzae?) 
NV. gonorrheae 
N. meningitidis (meningococcus) 
N. flavescens 
Gram-negative ) Ps. aeruginosa (B. pyocyaneus) 
Proteus organisms 
K. pneumoniae 
Past. tularensis 


NONPATHOGENIC 
H. hemolyticus 
N. catarrhalis 
N. sicca 
N. flava 
Escherichia-aerobacter 
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METHODS FOR EXAMINATIONS OF THE NOSE AND ACCESSORY 
SINUSES 


Principles. 1. Methods for the collection of material are important and are de- 
scribed on page 332; as a general rule, these should be made by a rhinologist. 

2. The bacteriology of these parts is quite varied and special methods are required 
for certain organisms. 

3. Nasal secretions are less satisfactory specimens than nasopharyngeal swabs. The 
normal nasal mucosa carries a variety of bacteria which are replaced in rhinitis by one 
or more pathogenic types which usually can be easily recognized. 

4. The accessory sinuses are normally sterile although contamination of specimens 
occurs during collection. In purulent sinusitis any one of several pathogens may be 
encountered, particularly in exudates from the maxillary antra which become second- 
arily infected from periapical tooth abscesses. 

5. Cultures in allergic rhinitis show a variety of low grade pathogens or oppor- 
tunists. 

6. The common cold is primarily a virus infection but in the secondary purulent 
stage yields on culture one or more of the pyogenic cocci or H. influenzae. Sometimes 
these cultures contain very large numbers of bacteria belonging to the nondescript 
types normally present in the nose and it is difficult to assess their significance. 

Methods. 1. Prepare smears on slides and stain by method of Gram and with methy- 
lene blue for diphtheria bacilli. Smears for Borrelia vincentii and fusiform bacilli should 
be stained with dilute carbolfuchsin. Smears for tubercle bacilli should be stained by 
the Ziehl-Neelsen method and carefully examined. In suspected chancre, a darkfield 
examination for T. pallidum is required. 

2. Inoculate nasal swabs to blood agar plates, aerobic and anaerobic, and apply 
antibiotic disks (page 557). In case of suspected diphtheria, inoculate Loeffler’s serum 
medium and one of the tellurite agar media. 

3. Sinus secretions should be similarly treated with emphasis upon thorough an- 
aerobic cultures, especially if a foul odor is evident. 

4. Incubate 1 to 5 days and proceed with the identification of microorganisms. 

5. If the possibility of leprosy exists, nasal scrapings are indicated. Stain by Ziehl- 
Neelsen for characteristic globi of acid-fast bacilli. A biopsy specimen stained by 
Kinyoun’s method for tissues (page 425) is preferred. 

6. The most commonly encountered organisms in nasal and accessory sinus speci- 
mens are: 


| PATHOGENIC 


Coagulase-positive staphylococci 

Beta streptococci 

Alpha streptococci 

Pneumococci 

Gram-positive 4 C. diphtheriae 

NONPATHOGENIC 


Coagulase-negative staphylococci 
Gamma streptococci 

Gaffkya tetragena (M. tetragenus) 
Diphtheroids 

LB. subtilis 
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f PATHOGENIC 
N. meningitidis 
H. influenzae 
H. parainfluenzae 
Klebsiella pneumoniae (Friedlander’s bacillus) 
Klebsiella ozenae 
Klebsiella rhinoscleromatis 
Malleomyces mallei 
Gram-negative < Ps. aeruginosa (B. pyocyaneus) 
Proteus organisms 
Borrelia vincentii and fusiform bacilli 
Bacteroides 
NONPATHOGENIC 
N. catarrhalis 
N. flava 
H. hemolyticus 
Coliform bacilli 


52 
Myco. tuberculosis 


Acid-fast Myco. leprae 


X 


METHODS FOR THE EXAMINATION OF THE NASOPHARYNX, 
THROAT AND TONSILS 


Principles. 1. It is important that smears and cultures be properly prepared; 
methods are described on pages 332 and 333. 

2. Whenever possible the particular infection suspected or to be examined for 
should be stated to guide technic and choice of culture medium. 

3. Direct smears are of little value with throat or tonsillar swabs except when the 
suspected etiological agent has a distinguishable characteristic; 7.e. the shape of the 
Vincent’s organisms, acid-fastness of mycobacteria and irregular shape and staining 
of C. diphtheriae. The many gram-positive cocci, some pathogenic and others harmless, 
cannot be distinguished; and N. meningitidis resembles the normal throat neisseria 
under the microscope. 

4. Direct smears of nasopharyngeal swabs are of some value since in nasopharyn- 
geal infections almost pure cultures are sometimes obtained. Therefore, a smear con- 
sisting entirely of gram-negative cocci suggests meningococcus infection, gram-negative 
bacilli are probably H. influenzae and lancet-shaped gram-positive diplococci should 
be pneumococci. 

5. Smear diagnosis is at best, however, a guess, and as a rule the laboratory exami- 
nation is by cultural methods. 

Methods. 1. Direct smears on slides or prepared from swabs to be examined for 
Vincent’s infection may be stained with dilute carbolfuchsin, and for diphtheria with 
methylene blue; otherwise the method of Gram is preferred. 

2. For routine culture, streak aerobic and anaerobic blood agar plates and place 
antibiotic disks (page 557) on the freshly inoculated plates. Incubation in 10 per cent 
CO, should be employed, if the anaerobic method used does not provide for this, for 
the isolation of meningococcus. 

Inoculation of Loeffler’s serum medium and of a tellurite agar is not routine, but 
must be included whenever diphtheria is a possibility. 
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3. Nasopharyngeal swabs from suspected whooping cough are streaked to Bordet- 
Gengou medium containing 0.2 units of penicillin per ml. 

4. Incubate 24 hours and make colonial identifications. Add oxidase dye to suspi- 
cious colonies or a small portion of the CO, plate for meningococci. Look closely for 
H. influenzae, especially around the penicillin disk. 

5. The isolation of alpha streptococci is generally of little significance. However, 
large numbers of organisms may indicate focal infection of the tonsil providing the 
material comes from the depth of the crypts. 

6. Tonsil and adenoid tissue removed at operation are best prepared for culture by 
rinsing first in a tube of saline and then grinding the specimen in a sterile mortar 
together with 3 ml. of sterile broth and a small amount of sterile sand until an even 
suspension is obtained. Streak a blood agar plate with 1 loopful of suspension and in- 
oculate a tube of broth with 0.5 ml. Shake the broth well and pour a deep blood agar 
plate with 1 loopful. Incubate the plates for 24 hours, and examine for beta hemolytic 
streptococci and other organisms. Reincubate for 24 hours and examine for minute beta 
hemolytic streptococci. Refrigerate overnight and examine for double-zone beta hemo- 
lytic streptococci. Prepare smears and stain by the Gram method. 

7. The most common bacteria encountered are: 


PATHOGENIC 
Beta streptococci 
j Alpha streptococci (focal infection?) 
Micro-aerophilic streptococci 
Anaerobic streptococci 
Coagulase-positive staphylococci 
Pneumococci 
C. diphtheriae 
Mu, Actinomyces bovis 
Gram-positive * 
NONPATHOGENIC 
Alpha and Gamma streptococci 
Coagulase-negative staphylococci 
Pneumococci (carrier types) 
Gaffkya tetragena (M. tetragenus) 
Diphtheroids 
B. subtilis 
Actinomyces (leptothrix, etc.) 


( PATHOGENIC 

N. meningitidis 

N. flavescens 

H. influenzae 

H. parainfluenzae 

A. pertussis 

H. parapertussis 

; Klebsiella pneumoniae (Friedlander’s bacillus) 
Gram-negative ~ Ps. aeruginosa (B. pyocyaneus) 

Borrelia vincentii and fusiform bacilli 


NONPATHOGENIC 
N. catarrhalis 
N. sicca and N. flava 
H. hemolyticus 
Escherichia-aerobacter (coliforms) 
| Proteus group 
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METHODS FOR THE EXAMINATION OF THE MOUTH, GINGIVAE 
AND TEETH 


Principles. 1. The collection of material for the bacteriologic examination of the 
teeth and gingivae is very important and satisfactory methods are described on page 
399% 

2. Gingival pus and secretions may require examination of fresh wet preparations 
for spirochetes and endamebae as well as the usual examination of stained smears and 
cuitures. 

3. The results of darkfield examination of ulcers for T. pallidum must be inter- 
preted with great care and caution because of the chances of error with T. micro- 
dentium and other spirochetes which are commonly found in the gingival secretions. 

4. For mycotic infections, the examination of fresh wet preparations and stained 
smears is helpful, as well as cultures. 

Methods. 1. Streak mouth or gingival swab on blood agar plates, aerobic and an- 
aerobic, for pyogenic cocci and Candida albicans. 

2. Make smear and stain with dilute carbolfuchsin for Vincent’s organisms. 

3. Material from mouth ulcers may be examined by darkfield for T. pallidum but 
caution is urged as mentioned before. 

4. Swabs from tooth sockets are inoculated to blood agar plates. 

5. Extracted teeth should be received in a sterile tube. With sterile instruments cut 
off apex and drop into a tube of thioglycollate medium. 

6. Incubate cultures for 24 to 48 hours and identify the microorganisms. 

7. The common microorganisms of the mouth which appear also in gingival and 


tooth cultures are: 


PATHOGENIC 

Beta streptococci 
Alpha streptococci 
Microaerophilic and anaerobic streptococci 
Coagulase-positive staphylococci 
Pneumococci 
Candida albicans (yeast-like fungus) 
Actinomyces bovis 

mae NONPATHOGENIC 
Gram-positive 4 Gamma streptococci 
Coagulase-negative staphylococci 
Pneumococci (carrier types) 
Gaffkya tetragena (M. tetragenus) 
Sarcina species 
Diphtheroids 
Actinomyces group (leptothrix, etc.) 
B. subtilis 
i acidophilus (dental caries?) 


PATHOGENIC 


Borrelia vincentu and fusiform bacilli 
Gram-negative « H. influenzae 


H. parainfluenzae 
Klebsiella pneumoniae (Friedlander’s bacillus) 
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( NONPATHOGENIC 
Mouth treponema 

N. catarrhalis 

N. sicca and N. flava 

Escherichia-aerobacter group 

Proteus group 

Ps. aeruginosa (B. pyocyaneus ) 

Vibrios 

{ Veillonella (anaerobic) 


Gram-negative 


METHODS FOR THE EXAMINATION OF THE EARS AND MASTOIDS 


Principles. 1. It is alway advisable to prepare cultures of pus in acute otitis media 
as soon as possible after paracentesis tympani or after spontaneous rupture, since pure 
cultures of the infecting organism are usually obtained. In chronic suppurative otitis 
media, mixed cultures with two or more organisms are usually observed. 

2. It is good practice to culture all cases of mastoiditis at the time of operation. 
Pure cultures are the rule and in case of subsequent complications, like lateral sinus 
thrombosis with septicemia or meningitis, valuable information will be obtained if all 
cases are routinely cultured beforehand. 

3. The technic for collecting and culturing material of these parts for bacteriologic 
examination is very important and described on page 337. 

4. Infections of the external auditory canal may be primarily streptococcal or 
staphylococcal, but they often become complicated by secondary infection with 
proteus or pseudomonas species and with the mold, Aspergillus fumigatus. 

Methods. 1. The specimen is ordinarily a cotton swab which, if properly collected, 
is immersed in a few drops of broth. If it is from the external auditory canal, inoculate 
to (a) blood agar, and (6) Sabouraud’s agar. Incubate (a) at 37° C. and (0) at room 
temperature. 

2. Otitis media and mastoiditis swabs should be cultured on (a) aerobic blood agar, 
and (0) either anaerobic blood agar or thioglycollate medium. 

3. After inoculating cultures, use the swab to prepare a direct Gram-stained smear 
and, if from the external auditory canal, also a wet mount for fungi. 

4. The microorganisms commonly found are: 


PATHOGENIC 


Coagulase-positive staphylococci 

Beta streptococci 

Alpha streptococci 

Micro-aerophilic and anaerobic streptococci 
Pneumococci 

C. diphtheriae (uncommon) 

Aspergillus fumigatus (mold) 


ae Candida albicans (yeast-like mold) 
Gram-positive 


NONPATHOGENIC 


Coagulase-negative staphylococci 
Gamma streptococci 

Gaffkya tetragena (M. tetragenus) 
Diphtheroids 

B. subtilis 

Yeasts 

Nocardia (aerobic actinomyces) 
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PATHOGENIC 

Proteus organisms 
Ps. aeruginosa (B. pyocyaneus) 
Escherichia and aerobacter groups 
Gram-negative 4 Klebsiella pneumoniae (Friedlander’s bacillus) 
H. influenzae 

NONPATHOGENIC 
N. catarrhalis 
LN. sicca 


Acid-fast Myco. tuberculosis 


METHODS FOR EXAMINATION OF SPUTUM AND EXUDATES OBTAINED 
BY BRONCHOSCOPIC ASPIRATION 


Principles. 1. Methods for the collection of sputum and bronchial secretions for 
bacteriologic examination are described on page 334. They are particularly important 
in relation to bacteriologic diagnosis and the preparation of autogenous vaccines. 

2. The bacterial flora ordinarily includes many different bacteria as well as various 
fungi. Whenever possible, the particular organism suspected clinically should be speci- 
fied in order to guide the bacteriologic technic. 

3. Healthy bronchi contain very few microorganisms because of the constant up- 
sweeping of the bronchial cilia. 

4. Sputum is not normal; saliva is. Therefore, particular care should be taken to 
obtain sputum free of saliva which contains the normal mouth bacteria. 

5. Sputum rarely yields a negative culture; but bronchial secretions are frequently 
Sterile in the absence of bronchial infections. Because it avoids mouth contamination, 
bronchial aspiration is bacteriologically a more satisfactory method than the collection 
of sputum. 

6. Sputum specimens should be collected as (a) fresh specimens for routine bac- 
teriologic examination, and (0) 24-hour specimens for tubercle bacilli. The single fresh 
specimen is suitable for both routine culture and acid-fast examinations providing it is 
the first morning specimen; but a 24-hour specimen is not usable for routine culture. 

Methods. 1. Examine the specimen for a foul odor. If present, a darkfield examina- 
tion for spirochetes is indicated. To be of value, however, this examination must be 
carried out within 30 minutes after collection of the specimen since spirochetes de- 
generate rapidly. A carbolfuchsin stained smear may be substituted. The so-called 
“Vincent’s odor,’ however, is not specific for spirochetes, but indicates only the pres- 
ence of anaerobes. 

2. A Gram-stained direct smear may be made if desired, but is usually of little 
value except to indicate the predominating morphologic types of microorganisms pres- 
ent. Direct examination for pneumococci is seldom requested and, when it is, can better 
be carried out as the capsular swelling test using specific antisera. 

3. Inoculate (a) aerobic and anaerobic blood agar plates, and (6) a Sabouraud’s 
agar plate for room temperature incubation. 

4. Place antibiotic disks on the blood agar plates (page 557). 

5. Prepare a Ziehl-Neelsen smear unless 24-hour specimens are also being supplied. 
The sputum specimen should be poured into a sterile petri plate and placed on a dark 
surface beneath a good light source. With two wooden swab applicator sticks search 
for and select brownish, mucopurulent material. Collect from 1 to 2 ml. in a sterile 
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test tube of 15 to 25 ml. capacity. The smear is prepared from this material and fungi, 
if present, will be apparent as blue elements. 

6. Add 2 to 4 ml. of N/1 (4 per cent) NaOH to the selected sputum and place at 
37° C. for 30 minutes. Centrifuge at 3000 r.p.m. for i5 minutes. Pour off supernate into 
20 per cent formalin solution and use sediment to (a) make repeat (concentration) 
Ziehl-Neelsen smear, and (0) inoculate 0.1 ml. to each of 2 Petragnani slants (page 
396) and to each of 2 Lowenstein slants (page 397). 

7. Examine the blood plates at 24 hours and identify the microorganisms. 

8. The cultures for tubercle bacilli should be incubated for 1 week at 37° C. at 
which time the screw caps are loosened for a few seconds. Acid-fast organisms which 
have produced colonies at this time are saprophytes. Myco. tuberculosis develops 
macroscopic growth in 2 to 6 weeks. Loosen the screw caps for a few seconds once a 


week. 
9. The microorganisms most frequently recovered in sputum and bronchial secre- 


tions are: 


PATHOGENIC 
Pneumococci 
Beta streptococci 
Micro-aerophilic streptococci 
Anaerobic streptococci 
Coagulase-positive staphylococci 
Candida albicans (yeast-like fungus) 
Actinomyces bovis 
Gram-positive 4 B. anthracis 

NONPATHOGENIC 

Coagulase-negative staphylococci 
Gamma streptococci 
Diphtheroids 
Gaffkya tetragena (M. tetragenus) 
B. subtilis 
Nocardia (aerobic actinomyces) 
(Yeasts and various candida 


PATHOGENIC 
H. influenzae 
H. parainfluenzae 
Klebsiella pneumoniae (Friedlander’s bacillus) 
Borrelia vincentii and fusiform bacilli 
A. pertussis 
H. parapertussis 
Ps. aeruginosa (B. pyocyaneus) 
Bacteroides 
Gram-negative 4 NONPATHOGENIC 
N. catarrhalis 
N. sicca 
N. flava 
Escherichia and aerobacter species 
Proteus group 
H. hemolyticus 
Brucella bronchiseptica 
Serratia 
| Veillonella (anaerobic) 
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Myco. tuberculosis 
Acid-fast « Saprophytic mycobacteria 
Nocardia asteroides 


METHOD FOR EXAMINATION OF THE CEREBROSPINAL FLUID 


Principles. 1. Cerebrospinal fluid should be collected under rigid aseptic precau- 
tions to prevent accidental contamination with Staphylococcus albus and other organ- 
isms of the skin. 

2. Bacteriologic examinations should be made as soon as possible after collection 
as, otherwise, delicate organisms and especially the meningococcus, may not survive. 

3. Spinal fluid is normally sterile; therefore, direct smears are valuable in that the 
presence of bacteria is significant and indicates at once the probable etiology and proper 
therapy. 

4. Direct smear examination also includes the types of leukocytes present. Bacterial 
meningitis is associated with a predominance of neutrophils whereas lymphocytes are 
suggestive of tuberculous meningitis, syphilis or viral infections. 

5. The presence of neutrophils in large numbers without bacteria should not be 
interpreted as probable meningococcal meningitis, as is often claimed. This situation is 
encountered during the first few hours of meningitic symptoms and, unless aborted by 
effective therapy, is shortly followed by the appearance of any one of several bacteria, 
especially H. influenzae (in children), streptococci, pneumococci and meningococci. 

6. Since the advent of sulfonamide and antibiotic therapy one occasionally fails 
to isolate bacteria from specimens which in smears show the presence of microorgan- 
isms. Failure to recover viable microorganisms may be attributed to active phagocytosis 
of drug-injured bacteria providing aerobic, CO, and anaerobic cultures were made. 

7. The presence of a coagulum suggests tuberculous meningitis. Since tubercle 
bacilli may become trapped during coagulation, it is good practice to remove the co- 
agulum and spread it out carefully for Ziehl-Neelsen staining. 

Methods. 1. If turbid, prepare a direct, Gram-stained smear and examine at once 
for bacteria and note the types of cells present. 

2. If no bacteria are found or, if the specimen is clear, centrifuge at 2,500 to 3,000 
r.p.m. for 10 minutes. Carefully pour off supernate into a sterile tube and hold for 
chemical or further bacteriologic examinations. 

3. Prepare a Gram-stained smear, and also a Ziehl-Neelsen smear if the fluid is 
clear, contains lymphocytes or if the possibility of tuberculosis is otherwise suspected. 
Control the Gram-stained smear with known gram-positive and gram-negative organ- 
isms. If lancet-shaped, encapsulated gram-positive diplococci or encapsulated single 
gram-positive cocci are observed, rapid identification for pneumococci should be at- 
tempted using the capsular swelling technic with specific antisera. 

4. Inoculate 2 to 4 loopfuls of spinal fluid or sediment to (a) aerobic blood agar, 
(b) blood agar to be incubated in 10 per cent CO, and (c) anaerobic blood agar. With 
a sterile pipet transfer the residue to a flask of blood culture medium (page 377) and 
incubate in 10 per cent CO,. 

5. Place antibiotic disks (page 557) on the blood agar plates. 

6. Staphylococci may be “spotted” on the blood plates to promote growth of H. 
influenzae, but this is not necessary if an anaerobic plate is used. 
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7. When indicated, inoculate 0.1 to 0.2 ml. to each of 2 tubes of Petragnani medium 
and 2 tubes of Lowenstein’s medium for Myco. tuberculosis. 
8. The microorganisms which may be cultured from spinal fluid are: 


PATHOGENIC 


Beta streptococci 

Micro-aerophilic streptococci 

Anaerobic streptococci 

Pneumococci 

Coagulase-positive staphylococci 
Gram-positive 4 Gaffkya tetragena (M. tetragenus) 

Cryptococcus neoformans (yeast) 
Listerella monocytogenes 


CONTAMINANTS 


Coagulase-negative staphylococci 
Diphtheroids 
B. subtilis 


PATHOGENIC 

N. meningitidis 

H. influenzae, type b 

Klebsiella pneumoniae (Friedlander’s bacillus) 
Gram-negative 2 Proteus group 

Escherichia coli 

Ps. aeruginosa (B. pyocyaneus) 

N. gonorrheae 

Bacteroides 


Acid-fast Mvyco. tuberculosis 


METHOD FOR EXAMINATION OF PERITONEAL EXUDATES 
AND TRANSUDATES 


Principles. 1. Peritoneal transudates (ascites) when collected aseptically are usually 
sterile, but sometimes contain diphtheroid bacilli or other organisms detected by aero- 
bic or anaerobic cultivation. Fluids are sometimes contaminated with Staphylococcus 
albus and other organisms from the skin. 

2. Peritoneal exudates (pus) in cases of localized or diffuse peritonitis may show 
one or more organisms depending upon the cause of peritonitis. In suppurative appen- 
dicitis with rupture and in peritonitis following the rupture of peptic ulcers and per- 
forating wounds of the intestines, the infection is always a mixed one with intestinal 
organisms. Anaerobic cultures for Cl. welchii, bacteroides and other anaerobic spore- 
forming bacilli should be included in the bacteriologic examination. 

Method. 1. If the specimen is purulent, make a direct Gram stained smear, examine 
and report results at once. It is good practice to add routinely to such specimens a few 
drops of 50 per cent citrate solution to prevent coagulation. 

2. If the specimen is straw-colored and clear, centrifuge at 2,500 to 3,000 r.p.m. 
for 10 minutes. Pour off supernate carefully to a sterile tube and hold in the refrigera- 
tor. Make smear of the sediment and do Gram stain. 

3. Transudates and mildly purulent exudates from low grade peritonitis suggest 
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tuberculous infection. Do not overlook this possibility. Use the sediment for Ziehl- 
Neelsen smear and the inoculation of media for tubercle bacilli. 

4. Carry out routine cultures by inoculating heavily or lightly, depending upon 
the smear findings, (a) aerobic blood agar, (0) anaerobic blood agar, (c) thioglycollate 
medium and (d) an E.M.B. agar plate. 

5. Place antibiotic disks (page 557) on the blood agar plates. 

6. Examine in 24 and 48 hours and proceed with identification of the micro- 
organisms. 

‘i If proteus organisms are present, subculture to sodium azide blood agar (page 
oUS:).. 

8. The bacteriologic findings are as follows: 


( PATHOGENIC 


Enterococci (alpha, beta or gamma) 
Beta streptococci 

Micro-aerophilic streptococci 
Anaerobic streptococci 

Cl. welchiu 


Gram-positive 
P 4 Other clostridia 


Pneumococci 
NONPATHOGENIC 
Diphtheroids 
Aerobic spore-formers 
XY 
Ie PATHOGENIC 


Escherichia coh 

Aerobacter aerogenes 
Paracolon bacilli 

Proteus organisms 

Ps. aeruginosa (B. pyocyaneus ) 
Bacteroides 

S. typhosa 

Other salmonella 


Gram-negative 


NONPATHOGENIC 
Alcaligenes faecalis 


Acid-fast Mvyco. tuberculosis 


METHOD FOR EXAMINATION OF PLEURAL AND PERICARDIAL 
EXUDATES AND TRANSUDATES 


Principles. 1. Pleural and pericardial transudates are usually sterile when collected 
aseptically. They are sometimes found contaminated with Staphylococcus albus or 
other organisms from the skin. 

2. In pleuritis (empyema) the pus collected by aspiration usually shows infection 
due to pneumococci, hemolytic streptococci, Staphylococcus aureus or H. influenzae. In 
chronic pleuritis with drainage organisms of secondary infection or contamination are 
not unusual as described under Method for Examination of Fistulae. 

3. In pericarditis the exudate or pus usually shows the presence of a streptococcus, 
pneumococcus or staphylococcus. In pericarditis following trauma additional organisms 


may be found. 
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Method. 1. Centrifuge if necessary and prepare smears of the sediment. Stain by 
the method of Gram. If tuberculosis is suspected stain by the method of Ziehl-Neelsen 
and examine very carefully for acid-fast bacilli. 

2. Inoculate heavily or lightly, depending upon the direct smear findings, (a) aero- 
bic blood agar, (b) anaerobic blood agar and, if the specimen is a transudate, (c) 
thioglycollate medium and (d) 2 tubes of Petragnani’s and Lowenstein’s medium. 

3. Place antibiotic disks on the blood plates. 

4. After 24 hours’ incubation examine blood agar cultures and identify the micro- 
organisms. 

5. Examine cultures for tubercle bacilli. 

6. The following bacteria may be encountered: 


f PATHOGENIC 


Coagulase-positive staphylococci 

Beta streptococci 

Micro-aerophilic streptococci 
Anaerobic streptococci 

iin nocdaee Pneumococci 

Enterococci (beta, alpha or gamma) 


CONTAMINANTS 
Diphtheroids 
; Coagulase-negative staphylococci 
B. subtilis 


PATHOGENIC 


H. influenzae 
; N. gonorrheae 
Gram-negative + Ps aeruginosa (B. pyocyaneus ) 
Proteus group 
Coliform bacilli 
Bacteroides 


Acid-fast Mvyco. tuberculosis 


METHOD FOR EXAMINATION OF BILE AND GALLSTONES 


Principles. 1. Bile is best obtained for bacteriologic examination by aspiration of 
the gallbladder at operation or following the surgical removal of the gallbladder. 

2. Bile collected by duodenal drainage is subject to contamination by saliva and by 
the stomach and duodenal contents, but when collected with rigid attention to technic 
as described on page 338, it is usually acceptable for bacteriologic examination. 

3. Fractions may be collected in sterile vials or test tubes. 

Method. 1. If turbid, lightly inoculate (a) aerobic blood agar, (b) anaerobic blood 
agar and (c) E.M.B. agar. 

2. If clear, centrifuge at 2,500 to 3,000 r.p.m. for 10 minutes. Discard supernate 
and culture the sediment. 

3. Examine after 24 to 48 hours and use appropriate methods for identification. 

4, Gallstones may be rinsed with sterile saline solution and then placed in a sterile 
mortar with about 0.5 ml. of sterile broth and ground, Inoculate media as just described. 
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5. The following organisms may be encountered: 


( PATHOGENIC 


Enterococci (alpha, beta or gamma) 
Coagulase-positive staphylococci 
Beta streptococci 


Gram-positive Anaerobic streptococci 


NONPATHOGENIC 
Diphtheroids 
Coagulase-negative staphylococci 
Yeasts 
r PATHOGENIC 


Escherichia coli 

S. typhosa 

} Other salmonella 
Gram-negative « Ps. aeruginosa (B. pyocyaneus ) 


NONPATHOGENIC 


| Proteus species 
Alcaligenes faecalis 


METHODS FOR EXAMINATIONS OF THE FECES AND RECTUM 

Principles. 1. The feces contain so many different varieties of bacteria that a gen- 
eral bacteriologic examination is inadvisable. 

2. All requests, therefore, should specify the particular organism or organisms to 
be examined for in order to choose the proper culture media and technic. 

3. The method of collection of material for bacteriologic examination is important 
and is described on page 340. In the bacteriologic examination of ulcers of the colon 
and rectum the material should be collected by a proctologist. 

4. Mucus and pus are especially desirable for bacteriologic examination. 

5. Rectal swabs are best for the isolation of shigella. For the technic see page 340, 
or consult Hardy and Watts’ excellent article (Pub. Health Rep., 1942, 57:521). 

6. Salmonella, including the typhoid bacillus, can be found most often in post- 
cathartic stool specimens. One or 2 teaspoonfuls of sodium sulfate before breakfast is 
an acceptable cathartic agent, but mineral oil should not be administered. 

7. Do not permit rectal swabs or stool specimens to dry. If there is a delay, place 
rectal swab, or a swab carrying selected mucus and pus from the stool, in 1 or 2 ml. 
of buffered glycerol water (page 390). 

8. Direct smear examination is rarely indicated. The exception is for acid-fast 
organisms in suspected tuberculous enteritis. 

9. It is well to keep in mind the possibility of parasitic infestment and to include 
such procedures whenever one or two bacteriologic examinations have proven negative. 

10. Shigella and salmonella may be eliminated sporadically. No less than three 
negative cultures at 2- to 3-day intervals, should be collected for exclusion of these 
bacilli. 

11. The principle in laboratory diagnosis of enteric infection is that the pathogenic 
gram-negative bacilli do not ferment lactose, whereas the normal coliform bacilli do. 
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Therefore, differential media are used to distinguish these two varieties; such media 
contain lactose and a fermentation indicator, e.g. E.M.B. agar (page 391). 

12. Selective media are not only differential but also contain inhibitory chemical 
agents such as sodium desoxycholate for gram-positive organisms, and for the coliform 
bacilli of which the ferric ammonium citrate in desoxycholate citrate agar (page 390) is 
an example. Some media are too selective and it is advisable, therefore, to include 
routinely a simple differential medium. 

13. Even these media may fail to detect small numbers of enteric pathogens. This 
fact led to the development of enrichment media for preliminary treatment of fecal 
specimens. Tetrathionate and selenite F broths (page 390) are examples of media 
which, for a few hours at least, favor the rapid growth of the pathogenic varieties over 
that of the coliform bacilli. 

Methods. These must include adequate procedures for detecting S. typhosa, other 
salmonella, shigella and Proteus morganii. 

1. Rectal and sigmoidoscopic swabs, also swabs dipped in semifluid stools, should 
be placed in 1 to 2 ml. of broth and the specimen well emulsified. 

2. A formed stool should be examined for the presence of mucus, pus and blood. 
If found, pick up this material with a sterile swab and treat as just described. If mucus, 
pus and blood are not present, pick up approximately 1 gm. of feces with a swab and 
emulsify in 1 ml. of broth. 

3. Inoculate (a) 4 loopfuls to desoxycholate citrate agar, (b) 4 loopfuls to S.S. 
agar, (c) one loopful to anaerobic blood agar for Cl. welchii and anaerobic hemolytic 
streptococci, (d) one tube of tetrathionate enrichment broth (or selenite F enrichment 
broth) with the remainder of the suspension or swab, and (e) one loopful of freshly 
inoculated enrichment broth to E.M.B. agar. 

4. A Gram stained smear made from the swab just before inoculation of enrichment 
broth is recommended for detection of pus cells. If found, they suggest bacterial rather 
than parasitic infection. 

5. The following morning inoculate S.S. agar and E.M.B. agar with 4 loopfuls of 
the enrichment broth culture. 

6. Examine the previously inoculated plates for colorless colonies. These may be 
salmonella, shigella, proteus, Alcaligenes faecalis, pseudomonas or paracolon bacilli. 

7. Transfer 3 such colonies to lactose broth by touching inoculating needle to the 
center of single colonies. Coliform organisms are inhibited but not killed and may 
otherwise be picked up in the proximity of colorless colonies. 

8. Examine after 24 hours’ incubation at 37° C. If there is no fermentation, 
proceed with the identification of the enteric bacilli. 

9. If lactose broth shows acid, return to the E.M.B. and S.S. agar inoculated the 
day before and proceed as in 6 and 7. 

10. The anaerobic blood agar is examined after 24 and 48 hours incubation for 
the presence of Cl. welchii and hemolytic streptococci other than enterococci. 

11. For tubercle bacilli examine as follows: (a) emulsify by hard shaking about 
5 gm. of stool specimen in 10 ml. of saline, (6) allow to stand until gross particles settle 
out, (c) pour off supernate and add 3 to 4 parts of N/1 NaOH, (d) incubate at 37° C. 
for 30 minutes, (e) complete concentration and culture for tubercle bacilli as with 
sputum (page 465). Sigmoidoscopic swabs should be smeared directly and then treated 
with 3 ml. of N/1 NaOH as just described. 
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12. The most common microorganisms encountered in fecal cultures are: 


f PATHOGENIC 


Cl. welchiu 
Beta streptococci (anaerobic) 


NONPATHOGENIC 
Clostridia 
Enterococci 
Diphtheroids 
B. subtilis 
Lactobacilli (acid media only) 
Candida species (yeast-like fungi) 
Molds 
Yeasts 


Gram-positive 


PATHOGENIC 
S. typhosa 
Other salmonella 
Shigella species 
V. cholerae 
Proteus morganii 


PATHOGENIC ? 


Ps. aeruginosa (B. pyocyaneus) 
Gram-negative; Shigella madampensis (dispar) 

Paracolon bacilli 

Hemolytic coliform bacilli 


NONPATHOGENIC 


Shigella alkalescens 
Bacteroides 

Proteus species 
Alcaligenes faecalis 
Escherichia and aerobacter 


METHODS FOR EXAMINATIONS OF THE URINE 

Principles. 1. Urine for bacteriologic examination should be collected with precau- 
tions against contamination. Methods are described on page 343. 

2. It is always advisable to state the particular organism or organisms to be 
examined for in order properly to select special methods for examination. 

3. Cultures should be made as soon as possible after collection. 

4. Urinary antiseptics should not be administered for 24 hours previous to the 
collection of the specimen. 

5. Urine is normally sterile; therefore, turbid specimens should be smeared directly 
and stained by Gram method. The predominant morphologic types will suggest the 
proper chemotherapeutic measures. 

6. Voided male urine, properly collected (page 343) is satisfactory for cultures; 
but all female urine for bacteriologic examinations must be catheterized. The exception 
is infant female urine. 

7. There are two distinct types of specimens, namely, (@) for routine culture and 
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(6) for tubercle bacilli. For (a) the specimen should be a fresh single sample and for 
(6) a 24-hour specimen, although the first morning specimen is acceptable. 

Methods. 1. If specimen is turbid, make smear and cultures directly. 

2. If clear, centrifuge at 2,500 to 3,000 r.p.m. for 10 minutes. Discard supernate 
and use sediment. 

RouTINE CuLtuRE. 1. Inoculate 1 loopful to (a) aerobic blood agar, (b) anaerobic 
blood agar and (c) E.M.B. agar. Be certain the blood medium contains at least 2 mg. 
per cent para-aminobenzoic acid. 

2. Examine in 24 hours and proceed with identification. 

3. If plates are overgrown with proteus, subculture to sodium azide blood agar. But 
first examine anaerobic blood plate on which proteus may be partially inhibited. 

For N. GONORRHEAE. 1. Inoculate sediment to chocolate agar and incubate for 24 
to 48 hours in 10 per cent COs.. 

2. Use oxidase test (page 448) if mixed culture is present. Proceed with identifica- 
tion of V. gonorrheae (page 493). 

For Myco. TUBERCULOosIS. 1. Centrifuge specimen at 3,000 r.p.m. for 15 minutes. 

2. Pool sediments. Do not treat with NaOH unless a direct smear shows other 
organisms. If present, treat as with sputum (page 465). 

3. Make Ziehl-Neelsen smear, culture as with sputum and inoculate remainder of 
sediment into a guinea pig. 

4. Separate ureteral specimens are used to determine which kidney is infected. 
These rarely require treatment with alkali; but are centrifuged at 3,000 r.p.m. for 15 
minutes. Make smears, culture routinely and on special media, and inoculate each 
specimen into a guinea pig. 

For Leptospira. 1. Centrifuge urine at 3,000 r.p.m. for 15 minutes. Work quickly 
with sediment. 

2. Examine by darkfield method. 

3. Inoculate one-half the sediment into leptospira medium (page 400). 

4. Inoculate the remaining sediment intra-abdominally into white mice. 

The urinary flora most frequently consists of: 


PATHOGENIC 


Enterococci (alpha, beta or gamma) 
Beta streptococci 

Micro-aerophilic streptococci 
Anaerobic streptococci 
Coagulase-positive staphylococci 
Pneumococci 


Gram-positive NONPATHOGENIC 
Diphtheroids 
B. subtilis 
Coagulase-negative staphylococci 
Gaffkya tetragena (M. tetragenus) 
Sarcina 
Nocardia (aerobic actinomyces) 
Candida species (yeast-like fungi) 
Yeasts 
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PATHOGENIC 
Escherichia 
Aerobacter 
Paracolon bacilli 
Proteus species 
Ps. aeruginosa (B. pyocyaneus) 
Salmonella and shigella species 
N. gonorrheae 


Gram-negative 


Acid-fast Myco. tuberculosis 


Darkfield 4 L¢b/ospira icterohemorrhagiae 
Leptospira canicola 


METHOD FOR EXAMINATION OF THE UROGENITAL ORGANS 
AND PROSTATE GLAND 

Principles. 1. Treponema pallidum in a genital sore is best detected by darkfield 
examination. Methods for the collection of material are given on page 346. 

2. Examinations for gonococci are best conducted with smears of cervical and 
urethral swabs stained by the Gram method and supplemented by cultures. Smears 
and cultures of urine sediment are sometimes employed but are not usually satisfactory. 

3. A method for the collection of material for examination for H. ducreyi (chan- 
croid) is given on page 347. 

4. Material from the prostate gland for bacteriologic examination may be obtained 
by methods given on page 344. 

5. Care must be taken to avoid drying of urethral and vaginal swabs since NV. gonor- 
rheae is very delicate. Place swab immediately after collection in preservation medium 
for NV. gonorrheae (page 387). 

6. Although prostatic secretion may be collected in a sterile petri plate for con- 
venience, it should be picked up with a swab and placed in preservation medium if 
there is to be a delay of more than 30 minutes. 

7. The superiority of culture methods over smears is well established. Only in acute 
urethritis of the male is it safe to omit cultures. 

8. Vaginal washings for candida (monilia) are discussed in Chapter 26. 

Method. 1. Inoculate each swab by rolling it with some pressure across one edge 
of the plate to (a) aerobic blood agar, (6) chocolate agar (G. C. medium, page 386) 
and (c) anaerobic blood agar. 

2. If the request is strictly for gonococci, use only medium (0). 

3. With a sterile loop spread out swab inoculum. 

4, Place antibiotic disks (page 557) on all plates. 

5. Incubate chocolate agar plate in 10 per cent COd. 

6. Examine plates after 24 to 48 hours with the aid of the oxidase reaction (page 


7. Examine plates for pathogens other than NV. gonorrheae and proceed with identi- 


fication. 
8. The organisms most commonly encountered are: 
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PATHOGENIC 
Beta streptococci 
Micro-aerophilic streptococci 
Coagulase-positive staphylococci 
Pneumococci 


SECONDARY PATHOGENS 


Anaerobic streptococci (gamma) 
Gram-positive 4 Enterococci (alpha, beta or gamma) 
Alpha streptococci 
Cl. welchiu 
NONPATHOGENIC 
Diphtheroids 
B. subtilis 
Clostridia 
Gamma streptococci 
Weg Hones acidophilus (Déderlein’s bacillus) 


PATHOGENIC 
N. gonorrheae 
Borrelia vincentii and fusiform bacilli 
Hi. ducreyi 


SECONDARY PATHOGENS 


Ps. aeruginosa (B. pyocyaneus) 
Proteus species 

Escherichia and aerobacter species 
Paracolon bacilli 

Bacteroides 


Gram-negative 4 


NONPATHOGENIC 


N. catarrhalis 
N. flava 


Darkfield Treponema refringens 


Acid-fast Myco. smegmatis 


BACTERIOLOGIC EXAMINATION OF UTERINE CULTURES 


Principles. 1. Two types of puerperal infection occur, namely, (a) that due to 
Group A beta streptococcus and (6) a mixed infection due primarily to anaerobes 
indigenous to the vagina in which anaerobic, gamma and gas-producing streptococci 
are prominent. 

2. Properly collected swab specimens are not heavily contaminated with the vaginal 
flora and aid greatly in the examination. 

Method. 1. Use technic described under Urogenital Organs and Prostate Gland. 
Here, however, anaerobic cultures are extremely important. 

2. Include antibiotic susceptibility disks (page 557). 

3. Examine cultures in 24 hours and proceed with identification of the cultures. 


METHODS FOR EXAMINATIONS OF THE BLOOD 


Principles. 1. Bacteria are but rarely found in direct smears of the blood. Cultures 
are required and the technic is very important. 

2. Anaerobic cultures are frequently advisable and especially in suspected strepto- 
coccus and Cl. welchii infections. 
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3. Bacteremia may be present without demonstrable clinical manifestations, but 
the number of organisms present is apt to be small, requiring the cultivation of rela- 
tively large amounts of blood. 

4. Complement and natural antibodies of the blood may inhibit the growth of 
small numbers of organisms. For this reason the blood should be sufficiently diluted 
with culture medium. No culture should be finally reported as sterile unless incubation 
has been conducted for at least 15 days and in some instances for 21 days. 

5. Postmortem blood cultures of the heart should be made within an hour after 
death, before general bacterial invasion of the tissues has occurred. 

6. Organisms producing large amounts of exogenous toxins like the diphtheria and 
tetanus bacilli rarely produce bacteremia and septicemia. C/. welchii is sometimes found, 
but usually just before death or postmortem. 

7. Treponema pallidum may be found during the acute early stages of syphilis, but 
is only detected by the intratesticular inoculation of rabbits. Leptospira icterohaemor- 
rhagiae may be detected by darkfield examination of the blood or by animal inoculation. 

8. Staphylococci (coagulase-negative), diphtheroid bacilli, B. subtilis, E. coli and 
other organisms from the skin may contaminate blood cultures. When any of these are 
found, the culture should be repeated. 

9. Blood for culture may be drawn at any time with chances of success. A possible 
exception may be brucellosis in which blood should be collected during a febrile period. 

10. Cultures, however, should not be made during the first hour following the ad- 
ministration of antibiotic compounds. 

11. Requests accompanying blood cultures need not specify that the patient is 
receiving sulfonamide compounds but should state the type and dosage of antibiotic 
being administered so that neutralizing agents, if available, may be added to the 
cultures. 

12. Whenever possible, one culture should be collected before treatment is insti- 
tuted. 

13. In many infections positive blood cultures are observed in the early stages but 
only for a few days. Typhoid fever and purulent meningitis are examples. Antibiotic 
therapy has resulted in a further reduction of the bacteremic period. 

14. In low grade infections, such as subacute bacterial endocarditis, meningo- 
coccemia and brucellosis, repeated cultures may be necessary. Massive blood cultures 
(20 to 25 ml.) are advisable. 

15. A single isolation of a questionable pathogen is difficult to interpret. In such 
instances an effort must be made to obtain the same organism in a subsequent culture. 

Methods. 1. A satisfactory method for collecting blood for culture is described on 
page 342. When received in the laboratory, the blood has been mixed with sodium 
citrate (3 ml. of a 2 per cent solution, or the equivalent). The bottle (A. S. Aloe Co. 
+£18350) has a perforable rubber stopper (A. S. Aloe Co. #72410, size WS42) which 
is covered with a paper or cellophane cap (Fig. 143). Remove the paper cap. Before use 
the bottle has been partially evacuated. Insert a 24 gauge needle to admit air. Do this 
by using sterile needles which were plugged in the shaft end with cotton and oven- 
sterilized in separate tubes. 

2. Add penicillinase, if needed, with a sterile 26 gauge needle and syringe. Ten 
units is sufficient (Schenley Laboratories, Inc., 350 Fifth Ave., New Y ork). 
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3. Permit penicillinase-treated blood to stand for 15 minutes. Remove entire con- 
tents to a flask of blood culture medium containing para-aminobenzoic acid. 

4. By using large bottles the blood may be added directly to the medium at the 
bedside. 

5. Incubate at 37° C. and examine daily for turbidity, gross discoloration of the 
blood and for discrete colonies. 

6. When growth is suspected, remove the rubber stopper carefully and fish out 
colonies for smear and for subculture to aerobic and anaerobic blood agar. Place anti- 
biotic disks (page 557) on these plates. Report the results of smear examinations. 

7. Report results, positive or negative, at 24 hours, 3, 5, 7 and 15 days. 

8. If positive, proceed with identification as indicated by the nature of the colonies 
observed. 

9. Quantitative blood cultures using 1.0 ml. of blood in pour agar plates is seldom 
worth while except to follow the effects of therapy in subacute bacterial endocarditis 
or staphylococcic septicemia. 

10. At the end of 15 days incubation prepare a Gram-stained smear from the blood 
culture flask even though it appears to be negative. Examine the flask very closely 
before discarding it. 

11. These directions are satisfactory for general purposes. Special procedures are 
sometimes required as follows: | 

For MENniNcococc! AND Gonococct. 1. Place flask in CO, jar. 

2. Subculture to chocolate agar and incubate in 10 per cent CO. 

For Brucetra. 1. Use blood culture medium, tryptose-phosphate and preferably 
with a small amount of agar. 

2. If one or 2 such cultures are negative, try Gould and Huddleson’s procedure 
(J.A.M.A., 1937, 109:1971) as follows: add 20 ml. of blood to 20 ml. of 4 per cent 
sodium citrate-saline solution. Incubate for at least 15 days in 10 per cent CO,. Every 
3 to 5 days subculture 0.1 ml. to tryptose agar and 0.5 ml. to tryptose broth and in- 
cubate both in 10 per cent CO.. 

3. Probably the best method is that of Castafieda (Proc. Soc. Exper. Biol. & Med., 
1947, 64:114). Inoculate 10 to 20 ml. of blood to Castafieda brucella medium (page 
395). Replace cotton-gauze plug with a sterile, perforable rubber stopper and replace 
10 per cent of the air with CO, by inserting a sterile 24 gauge needle lightly plugged 
with cotton, connecting this to vacuum and replacing the air with CO, from a tank or 
Kipp generator. Tip the bottle so that the blood-broth mixture flows over the agar layer 
and repeat on alternate days. Observe first, however, for colony growth on the agar. 

4. If Gram stained smears of the growth show gram-negative bacilli, proceed with 
identification as outlined on page 515. 

For ANAEROBES. 1. Place flask in an anaerobic jar. This method is satisfactory for 
Cl. welchii, anaerobic streptococci and bacteroides. 

2. If a jar method is not available, substitute thioglycollate medium and seal the 
flask with melted paraffin. 

For Past. TULARENSIS. 1. Take 6 slants of blood glucose cystine agar (page 388) 
to the bedside. 

2. Add 1.0 ml. of fresh blood (not citrated) directly from syringe to each slant. 

3. Incubate aerobically and examine daily. If growth occurs, subculture to plain 
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extract agar or some other simple medium as well as to other slants of the blood glucose 
cystine agar. Past. tularensis does not grow on extract agar. 

4. Identify as described on page 509. 

For STREPTOBACILLUS MONILIFORMIS. This method (Bull. Johns Hopkins Hosp., 
1942, 70:201) is as follows: 1. Add 10 to 20 ml. of citrated blood to 80 ml. of stock 
culture medium (page 380) to which is added 1.0 ml. of 10 per cent sterile glucose 
solution and 20 ml. of serum, plasma or ascitic fluid. 

2. Incubate in 10 per cent COs, or, preferably, in an aerobic jar containing added 
CO, (as with the Spaulding method). 

3. Observe for fluffy colonies on the surface of the cell layer. Gram smears should 
show gram-negative, highly pleomorphic, irregularly staining forms. Growth is difficult 
to maintain. Make frequent subcultures. 

4. Use blind passage subcultures in the same medium, if the original flask appears 
negative after 3 days, by transferring 2 to 3 ml. of the primary culture. Carry out at 
least 3 such passages and incubate each for 15 days. 

5. The associated Spirillum minus cannot be cultivated, but is found by mouse 
inoculation of blood (1.0 ml.) intra-abdominally. Aspirate peritoneal cavity with saline 
once a week for 4 weeks and attempt darkfield demonstration. 

Blood cultures are likely to show any of the following: 


( Beta streptococci 

Alpha streptococci 

Enterococci (alpha, beta and gammz) 
Micro-aerophilic streptococci 
Anaerobic streptococci 
Coagulase-positive staphylococci 
Pneumococci 


Gram-positive < B. anthracis 
Cl. welchu 


CONTAMINANTS 


Coagulase-negative staphylococci 
Gaffkya tetragena 

Diphtheroids 

B. subtilis 


N. meningitidis 

N. gonorrheae 

Brucella 

S. typhosa 

Other salmonella 

Klebsiella pneumoniae (Friedlander’s bacillus) 
H. influenzae 

Past. pestis 

Past. tularensis 

Escherichia species 
Aerobacter species 

Proteus species 

Bacteroides 

Streptobacillus moniliformis 


Gram-negative 
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METHOD FOR EXAMINATION OF GASTRIC LAVAGES 

Principles. 1. The only important bacteriologic examination of gastric lavages is 
for tubercle bacilli. 

2. It has been demonstrated repeatedly that the gastric contents may contain 
tubercle bacilli even though there is little or no sputum. With children who swallow 
sputum, this procedure is especially valuable. 

Method. 1. The method for collection is given on page 338. 

2. Neutralize the acidity without delay with 4 per cent NaOH. Alkacid paper 
(Fisher Scientific Co.) is convenient. Store in the refrigerator to reduce enzyme 
activity until examined. 

3. Centrifuge at 3,000 r.p.m. for 15 minutes and, if necessary, pool the sediments. 

4. Neutralize, if necessary, and use for (a) Ziehl-Neelsen smear, (0) culture (as 
with sputum) and (c) inoculation of guinea pigs. 


METHOD FOR POSTMORTEM EXAMINATIONS 

1. Terminal and postmortem invasion of the blood stream and organs greatly 
increases the number and kinds of organisms which may be found. Consequently, bac- 
teriologic examinations must be made as soon as possible after death and before 
embalming. 

2. The primary infecting organism does not usually occur in pure culture, numerous 
secondary invaders often accompanying it, especially E. coli, Aerobacter aerogenes 
and Proteus vulgaris. 

3. Smears should be made and examined routinely to determine the approximate 
number of organisms present. 

4. Cultures of organs are best taken with sterile capillary pipets and rubber bulbs. 
The surface of the organ should be seared with a small, hot soldering iron or knife in 
an area about 1 inch square. A puncture is then made through the sterile area with 
a fairly wide-mouthed pipet, and as much material as possible obtained and dis- 
charged immediately into 2 to 3 ml. of infusion broth. A drop of the material should 
be used for preparing smears. 

5. For cultures from wounds, abscesses, ears and meninges use sterile swabs. 

6. In bacterial endocarditis, obtain a small piece of a friable vegetation with sterile 
scissors and forceps. Wash the tissue in 10 ml. of warm sterile saline solution. Place 
in a sterile mortar with sand and grind with the aid of 1.0 ml. of sterile saline solution. 

7. Inoculate aerobic and anaerobic blood agar plates with the swab or one loopful 
of tissue extract. 

8. It is advisable to include one plate of sodium azide blood agar incubated 
anaerobically to inhibit proteus organisms which are frequently present. 

9. One tube of thioglycollate medium may be added when the specimen is ob- 
tained from the pleura, brain or internal organs. 

10. Other special methods may be indicated, and reference should be made to the 
methods for isolating these organisms. 

11. If enteric organisms are suspected, prepare plates of desoxycholate citrate agar. 

12. For H. pertussis, prepare plates of Bordet-Gengou agar. 
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1. Staphylococci may occur singly, in pairs or in very short irregular chains but 
usually in grape-like clusters (Fig. 184); rarely in packets. 

2. They stain readily and are gram-positive, but in both smears and cultures of 
pus gram-negative cocci may occur. They are not encapsulated. 

3. They grow readily in all ordinary culture media. On solid media the colonies 
are circular and opaque with smooth glistening surfaces and even edges. On blood 
agar many strains and especially Staphylococcus 
aureus produce zones of hemolysis. In broth they 
produce uniform turbidity with moderate deposits 
readily disintegrating on shaking. Gelatin is 
usually liquefied in 5 days at 22° C. and milk 
coagulated. 

4. Some staphylococci are nonhemolytic in 
both deep and surface colonies; this is character- 
istic of most strains of nonpathogenic Staphylo- 
coccus albus; others are hemolytic both surface 
and deep which is characteristic of virulent 
Staphylococcus aureus. The majority of strains, 
however, produce no hemolysis around deep 
colonies but are hemolytic on the surface of blood 
agar plates. This is a characteristic of staphylo- stain. < 1200. 
cocci which is not shown by other bacteria. (Biome Sich HANG AMES tnMez ister 

5. Differentiation between hemolytic staphy- Textbook of Bacteriology, 9th ed. Cour- 
lococci and beta hemolytic streptococci on the  tesy of Appleton-Century-Crofts, Inc.) 
surface of blood agar plates is sometimes difficult. 

The colonies of staphylococci are large, soft and opaque with a narrow hemolytic zone. 
The colonies of streptococci are smaller, translucent and hard, with zones of hemolysis 
extending well beyond the edges. 

6. After 2 or 3 days of aerobic cultivation on solid media, pigments may be pro- 
duced in the colonies which are of great value in identifying the type: 


U 


Fig. 184. Staphylococcus aureus. Gram 


(a) Golden-orange: Staphylococcus aureus 
(b) Lemon-yellow: Staphylococcus citreus 
(c) No pigment (white): Staphylococcus albus 

7. Identification and differentiation can usually be made by these means. Always 
report the type present and whether hemolytic or nonhemolytic. 

8. Staphylococcus aureus usually produces several filterable toxins which may be 
converted into toxoids for purposes of active immunization. These are secured by 
cultivation in infusion broth (pH 7.4 to 7.6) for 5 days, followed by Berkefeld filtra- 
tion. The filtrate may contain the following: (1) hemolysin (staphylolysin) especially 
active for rabbit erythrocytes, (2) leukocidin, (3) a necrotizing toxin best detected by 
intracutaneous injection of rabbits, (4) a lethal toxin and (5) an enterotoxin concerned 
in food poisoning. 

Coagulase Test. The most important diagnostic property of staphylococcus is the 
production of coagulase since the ability to coagulate plasma is closely correlated with 
pathogenicity. At the present time all cultures of staphylococci should be reported 
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as “coagulase-positive” or “coagulase-negative” regardless of pigment or hemolysis. 
The method is given on page 439. 

Staphylolysin Test. It can be demonstrated that hemolysis by staphylococcus is 
due to a soluble toxin. The method is described on page 438 under Hemolysin Test. 

Cat Test for Staphylococcus Enterotoxin. This test is of some value in determin- 
ing the production of enterotoxin produced by staphylococci recovered in cultures of 
foods in suspected staphylococcus food poisoning. The technic after that of Hammon 
(Am. J. Pub. Health, 1941, 31:1191) is as follows: 

1. Cultivate the staphylococcus in a tube of infusion broth for at least 5 days. 

2. Place in a boiling water bath for 30 minutes (enterotoxin is thermostable). 

3. Centrifuge thoroughly and use the supernatant fluid. 

4. Inject a healthy cat intravenously (saphenous vein) with 0.5 to 5.0 ml. (ordi- 
narily 2.0 ml.); anesthesia is not required. Give the animal a moderately sized meal 
shortly before the injection. Take rectal temperature before injection. 

5. The presence of enterotoxin is indicated by vomiting in 15 minutes to 2 hours 
(usually about 30 minutes) with coarse tremors (chills) followed by fever in 2 to 4 
hours. Mild diarrhea usually occurs and persists for several hours. After 3 to 4 hours, 
the cat begins to recover and in 24 to 48 hours appears to be normal. 
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1. Streptococci occur in chains of variable length (Fig. 185); the longest chains 
are always observed in broth cultures. On solid media the chains are usually short 
and sometimes in diplococcus formation, requiring differentiation from pneumococci. 
They are sometimes encapsulated. 

2. They stain readily and are usually gram-positive. However, gram-negative ele- 
ments may occur, especially upon anaerobic cultivation. 

3. The best known method for classifying streptococci is that of Brown (Mono- 
graphs Rockefeller Institute for Medical Research, No. 9, New York, 1919; and Am. 
J. M. Sc., 1944, 208:385). This is based upon the microscopic examination of deep 
colonies in blood agar. The beta type produces a clear zone of hemolysis containing 
no intact corpuscles and no extension of the hemolysis upon refrigeration. The alpha 
colony is surrounded by a zone of partial hemolysis and greenish discoloration, and low 
power magnification reveals intact red cells within the partially hemolyzed area. 
With refrigeration, an outer clear zone of hemolysis may develop. The gamma type 
has no effect upon the red cells in the medium (Plate XVII). 

Beta streptococci. 1. The surface colonies of beta streptococci are usually small, 
gray, hard, rather opaque and surrounded by a well-defined clear zone of hemolysis 
(Fig. 186) due to the production of streptolysin. Under the microscope this zone of 
hemolysis is free of fixed (unhemolyzed) and of discolored red cells next to the colony. 
However, if the organisms have retained their capsules, the colonies will appear larger, 
more translucent, mucoid, with a tendency to become confluent. Occasionally the 
colonies are rough and very hard with definite greenish discoloration after 2 to 3 days 
incubation. 

2. These streptococci have been divided into groups A, B, C, D, E, F, G, H, K, 
L, M and N by Lancefield (J. Exper. Med., 1928, 47:91, 469 and 857; also 1933, 
57:571) by means of precipitin reactions employing “C” (carbohydrate) antigens. 
Only streptococci of groups A, B, C, D, F and G, however, are pathogenic or potentially 


PLATE XVII 


Colonies of streptococci on blood agar. 


A, colony of hemolytic streptococcus; B, colony of nonhemolytic streptococcus; C, colony of 
streptococcus of the viridans type. 
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pathogenic for man. Of these the streptococci of group A are by all odds the most 
important in the production of disease (scarlet fever, erysipelas, pneumonia, menin- 
gitis, puerperal sepsis, cellulitis and lymphadenitis). 

3. The deep colonies differ considerably according to their serologic group. 
Colonies of groups A, C and G are very opaque and always in the center of hemolytic 
zones. Group B colonies are smaller with less clearly defined hemolysis and following 
refrigeration show double zones. Group D colonies may show very large zones of beta 
hemolysis, have a typical viridans (alpha) appearance or be nonhemolytic. Group F 
colonies are exceptionally small with tiny areas of complete hemolysis. 


i" 


Fig. 185. Streptococcus pyogenes. 


(From Smith and Martin, Zinsser’s Textbook of Bacteriology, 9th ed. Courtesy of Appleton- 
Century-Crofts, Inc.) 


4. If an additional test for streptolysin is required, employ the hemolysin test. 

5. The only certain method for identifying a beta streptococcus as belonging to 
group A is by means of the precipitin test described later. This is too time-consuming, 
however, for routine use. A substitute procedure is to evaluate the size and clarity of 
the hemolytic zone on, or preferably in, blood agar. A colony producing a zone of 
hemolysis 2.5 mm. or more in diameter may be reported as “probably group A.” It 
should be recognized that groups C, D and G also do this; but group D can be identi- 
fied as enterococcus by the ability to ferment mannitol, and to grow at 45° C., at pH 
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9.6 and in 6.5 per cent sodium chloride infusion broth. The reader is referred to the 
article by Rantz (J. Inf. Dis., 1941, 69:248) for further details. 

This technic is a practical substitute for pour blood agar plates (Brown method) 
in which differentiation is observed best. Consult Rantz and Jewett (J. Bact., 1940, 
40:1) for details. The Brown procedure is not practical for routine work. However, 
the combination streak-pour plate method of Perry and Petran (Am. J. Clin. Path., 
Technical Suppl., 1939, 3:70) is an attempt to provide the properties of a pour plate 
more simply and rapidly, and is recommended for 
those workers who may not prefer the streak plate 
technic. 

6. A precipitin test for determining the Lance- 
field group according to the method of Fuller 
(Brit. J. Exper. Path., 1938, 19:130), may be con- 
ducted as follows: 

(A). Inoculate 10 ml. of a rich broth medium. 
Todd-Hewitt infusion broth (page 376) is espe- 
cially satisfactory. 

(B). Centrifuge the 18-hour culture at 2,500 
r.p.m. for 15 minutes and discard the supernate. 

(C). Add 0.2 ml. of formamide (Eastman 


Fig. 186. Zones of hemolysis around 


Kodak Co.). Shake and place tube in a mineral oil colonies of hemolytic streptococci. 
bath at 160° C. for 15 minutes to denature the (From Park, Williams and Krum- 
protein wiede, Pathogenic Microorganisms. 


; Courtesy of Lea and Febiger Com- 
(D). Cool and add 0.5 ml. of acid alcohol (95 pany.) 


parts absolute ethyl alcohol and 5 parts of 2N HCl 
which is a 1:5 dilution of concentrated HCl). This precipitates protein. 

(E). Shake and centrifuge at 2,500 r.p.m. for 10 minutes. Pour off supernate into 
a small tube and discard sediment. 

(F). Add 1.0 ml. of acetone. Shake and centrifuge as in (E). Discard supernate. 
The acetone precipitate is very small in quantity but contains the group antigen. 

(G). Add 2 ml. of saline and a drop of phenol red or bromthymol blue indicator 
to the sediment and bring to pH 7.0 with 1.0 per cent Na.CO, solution. This is the 
antigen. 

(H). Make capillary tubing by drawing out glass tubing over a flame. This tubing 
should have an outside diameter of 1 to 2 mm. Break into pieces of about one inch 
in length. 

(I). Dip one tube into group A antiserum (Lederle Laboratories, Pearl River, New 
York; or E. R. Squibb and Sons, New York). Wipe off excess serum with lens paper 
and with a small rubber bulb, such as is used in pneumococcus typing, draw serum 
into the tube. 

(J). Dip the capillary tube into the streptococcal antigen and allow the antigen 
and serum to make contact. Draw both up into the tube. Seal the ends with wax 
and set upright in a small wooden block containing shallow nail holes. 

(K). Repeat with groups C and D antisera, or with normal human serum (control). 

(L). Examine with a hand lens against a dark background after 10 and 30 
minutes at room temperature. A ring of precipitate should form at the serum-antigen 


interface. 
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(M). Group A streptococci alone have been subdivided into more than 40 types 
by an agglutination technic based upon the presence of specific protein antigens in 
these organisms. This is known as streptococcus typing. It is used only in epidemio- 
logic studies. 

7. In the older literature hemolytic streptococci were subdivided on the basis of 
their clinical sources and their fermentation of various carbohydrates into supposed 
species under the names Str. scarlatinae, Str. erysipelatis and Str. anginosis. Recent 
work has shown, however, that these strains are not specific for the disease conditions 
from which they have been isolated; on the contrary, one and the same strain of strep- 
tococcus can cause sore throat, scarlet fever or puerperal sepsis in different subjects, 
depending upon individual susceptibility and the circumstances of infection. It is ad- 
visable, therefore, not to perpetuate the errors of the past by reproducing the older 
classification in these terms. 

8. The distribution of the groups of beta streptococci are as follows: 


Group Human Sources Other Sources 
A Scarlet fever Cattle 
Erysipelas Rabbit 
Mastoiditis Mouse 
Otitis media Monkey 


Acute pharyngitis 
Rheumatic fever 
Numerous other infections 
Throats of carriers 


B Human throat and vagina Milk of cows 
(Occasional infection) (Bovine mastitis) 
© Human throat, vagina and skin Common cause of disease in 
Occasional cause of erysipelas and animals 
puerperal sepsis 
D Intestine and vagina Cattle 
(Enterococcus) Endocarditis 


Urinary tract infections 
Infections of the abdomen 
Wound infections 


E None Milk of cows 
Swine 
F Throat, intestine, skin and vagina 
(Minute Strept.) Urinary infections ? 
Glomerulonephritis (?) 
Sinusitis 
Abscesses 
G Throat, intestine. skin and vagina Widely distributed in nature 
Occasionally pathogenic Animal infections 
H Throat and feces ? 
K Throat ? 
16 Throat Animals 
M None Dog 
Fox 


N None Milk (Str. lactis) 
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Gamma Streptococci. The surface colonies of gamma streptococci are usually 
small, gray and translucent with no zones of hemolysis or greenish discoloration (Plate 
XVII). A streptococcus should not be regarded as nonhemolytic unless it has been 
grown anaerobically. Some strains of hemolytic streptococcus do not produce hemolytic 
colonies on the surface of blood agar plates because of the inactivation of oxygen- 
sensitive streptolysin O. Aerobic gamma streptococci are often encountered in routine 
diagnostic bacteriology. Many strains of streptococci which appear gamma in 24 hours 
will produce alpha hemolysis if the plates are reincubated for 24 hours and then 
refrigerated overnight. Anaerobic gamma streptococci occur very frequently in throat, 
vaginal and fecal cultures. 

Alpha Streptococci. 1. Definite identification of alpha streptococci requires micro- 
scopic examination of the colonies in deep blood agar plates. In the hemolytic area 
will be seen red cells close to the colony which are not lysed (fixed) and usually dis- 
colored. The discoloration is often absent at 24 hours but deepens with continued 
incubation. In our laboratory it has been found that surface colonies may be satisfac- 
torily identified by the criteria of Brown. 

2. Subdivision of the respiratory alpha streptococci is only of academic interest. 
Recently, however, a specific serologic and biochemical type has been described in 
association with subacute bacterial endocarditis by Loewe and others (J.A.M.A., 
1946, 130:257). Str. sanguis of subacute bacterial endocarditis (Str. s.b.e.) may be of 
significance because it is reported by them as being relatively resistant to penicillin. 
Identification biochemically is based upon the following properties: no growth in 6.5 
per cent NaCl broth and absence of mucoid colonies on 5 per cent sucrose agar, but 
fermentation of inulin, growth on 40 per cent bile blood agar, hydrolysis of arginine 
and slime synthesis in 5 per cent sucrose broth. For details see Schneierson (J. Bact., 
1948, 55:393). 

3. Both surface and deep colonies of alpha streptococci vary considerably in their 
appearance. The greatest differences are observed between strains of respiratory tract 
and of intestinal origin. 

4. Surface colonies of respiratory strains are small, gray, raised, convex and opaque. 
They are surrounded by very narrow zones of partial hemolysis which may or may not 
show green discolorization due to oxidation. Deep colonies vary tremendously in 
appearance. Some show narrow zones of hemolysis surrounded by an area of greening. 
Others show little or no discernible hemolysis. Colonies of group B to N beta strep- 
tococci may resemble those of alpha streptococci in gross appearance. 

5. The viridans and nonhemolytic types each contain many different species. For 
practical purposes, however, it is sufficient to designate them as viridans and non- 
hemolytic streptococci. The designation of “Streptococcus viridans” is incorrect as 
there is no such species. 

Enterococci. These comprise an entirely separate group for diagnostic purposes 
because they are hardier than other streptococci and are more resistant to drugs, 
especially to the sulfonamide compounds. Although the colonies are generally of the 
alpha type, they may be beta or gamma. Serologically, they are beta streptococci, 
constituting group D. 

The wide distribution and great importance of enterococci was not realized until 
the advent of sulfonamide therapy. They probably account for one half of the strepto- 
coccal infections of man other than those of the respiratory tract and throat. 
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Surface colonies are larger and more opaque than those of the respiratory tract 
streptococci. Growth in broth is rapid and diffusely turbid. Deep colonies are com- 
paratively large but cannot otherwise be identified as enterococci since they may be 
of the alpha, beta or gamma type. 

Anaerobic Streptococci. Anaerobic cultures are an absolute necessity in all cases of 
puerperal sepsis, gangrene of the skin, wound infections following operations upon the 
upper gastro-intestinal tract and appendix, peritonitis and empyema. Anaerobic 
streptococci for practical purposes are made up of 2 entirely distinct varieties. The first 
resemble respiratory tract streptococci (beta, alpha or gamma) in every respect except 
for failure to grow on blood when isolated. These are anaerobic variants which more 
or less promptly acquire the ability to grow both aerobically and anaerobically. Occa- 
sionally a permanently anaerobic strain will be encountered. Their significance appears 
to be the same as that of the facultative organism of that type. 

The second variety is the strictly anaerobic species which by nature differ markedly 
from the streptococci already discussed. These are invariably of the gamma type and 
are active biochemically. Not only do they produce gas from carbohydrates, but 
they also are proteolytic with the production of a foul odor. These are normal inhabi- 
tants of the mucous membranes and assume a role of secondary pathogenicity in 
wounds, traumatic childbirth and chronic infections. A clinical infection resembling 
gas gangrene may be produced and to which the term gaseous cellulitis has been given. 

Micro-aerophilic Streptococci. This is an artificial but convenient term to desig- 
nate streptococci, usually beta, which grow promptly with well-developed colonies 
and large zones of hemolysis (if beta) when cultured anaerobically, but which on 
an aerobic plate grow slowly as small and weakly hemolytic colonies. Many beta 
streptococci, including Group A, are micro-aerophilic, a fact which emphasizes the 
desirability of routine anaerobic cultures. 

Practical Identification of Streptococci. Aerobic growth on blood agar: 

1. Source above diaphragm: 

Beta Streptococcus. No growth at 45° C., at pH 9.6, or in 6.5 per cent NaCl 
broth. No fermentation of mannitol. 

Group A. Large clear zones of hemolysis with no intact red cells. Report as 
“probably Group A.” Serologic grouping is the only certain method of identification. 

Other groups. C and G (and occasionally group D) produce large zones indis- 
tinguishable from Group A, but are less frequent from human sources. Other groups 
produce small hemolytic zones. 

ALPHA STREPTOCOCCUS. No growth at 45° C., at pH 9.6, or in 6.5 per cent NaCl 
broth. No fermentation of mannitol (Str. bovis occasionally positive). Varying degrees 
of hemolysis and greening of blood. Examine colonies under microscope for fixed red 
cells. Separated from pneumococci by failure to dissolve in desoxycholate solution, or 
to type with antipneumococcal sera. 

GamMMaA StREPTococcus. No growth at 45° C., at pH 9.6 or in 6.5 per cent NaCl 
broth. No greening or hemolysis. Usually no fermentation of mannitol. 

2. Source below diaphragm: 

ENTERococcus. Growth at 45° C., at pH 9.6 and in 6.5 per cent NaCl broth. 
Colonies on blood agar usually larger than those from respiratory tract. Growth in 
broth usually diffuse and rapid. Colonies usually alpha, but also beta (large zones) and 
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gamma. Ferments mannitol. Growth in 6.5 per cent salt broth and the fermentation of 
mannitol are the most reliable tests. 3 

MICRO-AEROPHILIC STREPTOCOCCUS. Usually beta, also alpha and gamma. Includes 
some enterococci. Aerobic growth delayed and scanty. 

3. No growth aerobically. 

ANAEROBIC VaRIANT. Beta, alpha or gamma. Usually grow aerobically on first or 
second subculture. Includes some enterococci. 

ANAEROBIC SPECIES. Gamma, occasionally alpha. Foul odor and gas from fermen- 
tation of carbohydrates. 

Drug Susceptibility of Streptococci. 1. Most respiratory strains of the beta (in- 
cluding group A), alpha and gamma types are moderately susceptible to the sulfona- 
mide compounds and very susceptible to penicillin, aureomycin, chloromycetin and 
terramycin. 

2. Enterococci are resistant to sulfonamides, and only partially susceptible to 
penicillin, aureomycin, chloromycetin and terramycin. Bacitracin appears to be rela- 
tively effective. 

3. Micro-aerophilic and anaerobic variants behave like the corresponding faculta- 
tive type. 

4. The anaerobic species are resistant to sulfonamides and only moderately sus- 
ceptible to penicillin. 


METHODS FOR THE IDENTIFICATION OF GAFFKYA TETRAGENA 


1. This organism is commonly found in the sputum, especially in tuberculosis and 
other chronic infections. 

2. In smears of sputum and secretions it occurs as 4 gram-positive cocci surrounded 
by a pseudocapsule (Fig. 187) while in cultures on ordinary agar it usually occurs in 
pairs and irregular masses with no capsule. 

3. On agar plates the colonies are circular, 
white or grayish-white, smooth, glistening and 
glutinous, often adherent to the medium and dif- 
ficult to emulsify. On blood agar the colonies may 
be surrounded by a narrow zone of greenish dis- 
coloration. In broth there is even turbidity with 
a later thick, glutinous deposit and comparatively 
clear supernatant medium. 

4. These characteristics are usually sufficient 
for identification. It commonly produces acid in 
glucose, lactose and glycerol. 


METHODS FOR THE IDENTIFICATION Partley.sGatkya Yatiagena: 
OF PNEUMOCOCC] (From Smith and Martin, Zinsser’s 


Textbook of Bacteriology, 9th ed. Cour- 


from pneumonia is being exam- 
cn ao P 3 tesy of Appleton-Century-Crofts, Inc.) 


ined, smears should be prepared of blood-tinged 
(“rusty”) portions on slides. If cerebrospinal 
fluid is being examined, centrifuge and prepare smears of the sediment. The pus of 
empyema or other exudates (nose or ears) may be prepared in smears. 
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2. Dry in air; fix by gentle heating and stain by the method of Gram. 

3. The pneumococcus is gram-positive and occurs in pairs or, less frequently, in 
short chains (must be differentiated from streptococcus). The adjacent ends of the 
cocci are usually rounded while the opposite ends are more pointed or lancet-shaped. 
A well-marked capsule is present (Fig. 188) which may be retained in cultures on 
suitable media. Type III pneumococcus may often be identified by very large capsules. 

4. If the infection is acute and there is need for establishing the etiology at once, 
serologic typing may be attempted directly from 
the specimen. The details of the capsular swelling 
technic are given later. However, this procedure 
should be conducted only if the direct smear con- 
tains at least two pairs of cocci resembling pneu- 
mococci per oil immersion field. 

5. Routine cultures for pneumococci consist 
of the inoculation of (a@) aerobic blood agar and 
(6) anaerobic blood plates. 

6. Place antibiotic disks (page 557) on the 
freshly inoculated plates and incubate overnight. 

7. Pneumococcus colonies are gray, moist, 
translucent and generally show greening. If dry, 
Fig. 188. Pneumococci with stained cap- they are flat and show a crater, but anaerobically 


a they are large and mucoid. When dried, anaerobic 
(From Smith and Martin, Zinsser’s 


Textbook of Bacteriology, 9th ed. Cour- 
tesy of Appleton-Century-Crofts, Inc.) pearance. 


8. The deep colonies of pneumococci are iden- 
tical with those of alpha streptococci and it is impossible to differentiate between them. 
Therefore, since pneumococci produce both hemolysis and greening of blood agar, they 
may be confused either with hemolytic or viridans streptococci. Early in its growth on 
blood agar the pueumococcal colony resembles that of the hemolytic streptococcus. 
An older culture shows definite greening which may entirely mask the earlier hemolysis 
and, therefore, be mistaken for a viridans streptococcus. 

9. The quickest and most certain method for identifying pneumococci is by means 
of the capsular swelling reaction of the Neufeld (quellung) typing test. The details of 
this test are given later. With an inoculating loop carefully suspend selected colonies in 
1 ml. of physiologic saline soiution until a definite turbidity is present. Use this sus- 
pension for typing. 

10. An alternative procedure is the desoxycholate solubility test (page 438). If a 
blood culture is employed, do not disturb the red cell layer, but pipet off the turbid 
supernate. 

Methods for the Typing of Pneumococci. Pneumococci are divisible into 75 or 
more serologic types. 

1. Typing may be conducted with sputum, pleural and peritoneal exudates and 
cerebrospinal fluid if sufficient numbers of pneumococci are present. 

2. Fresh sputum is preferred but, if kept at a low temperature, it is satisfactory 
even when several days old. 


colonies also become flat and have a crater ap- 
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3. Blood cultures, sputum and spinal fluids showing sufficient numbers of pneumo- 
cocci should be centrifuged to throw down cells, and the sediment employed. 

4. Biologic laboratories (Wyeth Inc., Philadelphia) supply 6 pooled sera each 
containing several type sera. Conduct tests by the Neufeld quellung method with 
these 6 pooled sera. If only negative reactions are observed, the organism is not likely 
to be pneumococcus although it may belong to one of the higher types not included in 
the pooled sera. Such organisms are referred to as “nontypeable pneumococci.” In this 
event resort to the desoxycholate solubility test. 

If a positive reaction is obtained, it is rarely necessary to establish the precise type 
with type-specific sera, although there are 30 or more commercially available sera for 
this purpose. Report simply as pneumococcus group A, B, C, D, E or F. 

Neufeld Quellung Method. 1. For each serum, place a small fleck of sputum 
(“rusty” portions preferred) or a film loopful of other material on a slide. When the 
sputum is very tenacious it may be dislodged with a wire loop or small portions cut 
off with a flamed scissors. The number of pneumococci per microscopic field should 
not be excessive as otherwise a typical reaction may not occur. 

2. Add a small drop or a loopful of serum and mix thoroughly. If the serum is not 
colored with methylene blue, dip an inoculating needle one-half inch into Loeffler’s 
methylene blue and mix thoroughly. 

3. Put a coverglass on each mixture and press firmly with a blunt object to pro- 
duce thin preparations. 

4. Examine each preparation with an oil immersion objective with the diaphragm 
partly closed. An artificial blue light is advantageous. The light should not be too 
subdued, but of sufficient intensity to prevent shadows and the appearance of artefact 
halos around the organisms. 

5. A positive reaction is indicated by a swelling of the capsules which take on a 
ground-glass appearance with a sharp outline (Fig. 189). The sharpness of the outline 
is perhaps of more diagnostic value than the degree of swelling. If no reaction occurs 
within a few minutes, the preparations should be examined again at the end of 10 
minutes. If type III pneumococci are present, the organisms may appear in large 
masses without definite capsular swelling. Agglutination of swollen cells is commonly 
observed. 

Virulence Test. 1. Pneumococci rapidly lose their virulence for mice with sub- 
culture. Description of the technic for “mouse passage” follows. White mice of about 
20 gm. weight are recommended. 

2. Inoculate a mouse intraperitoneally with from 0.5 to 1 ml. of the culture. 

3. Within from 4 to 8 hours, puncture the peritoneum of the mouse with a sterile 
22 gauge needle attached to a syringe and withdraw 1 to 2 drops of exudate. Spread 
these on a slide and stain by Gram’s method. If microscopic examination shows as 
many gram-positive cocci as may be found in an 18-hour broth culture, chloroform 
the mouse and proceed. 

4. Since it is desired to recover the organisms in pure culture, carefully observe 
sterile precautions throughout the autopsy. 

5. When the skin has been laid back, make a short, longitudinal opening in the 
abdominal wall (Fig. 190). Take a loopful of the peritoneal exudate and streak half a 
blood agar plate. Then, with sterile instruments open the thoracic cavity, snip off the 


Fig. 189. The Neufeld quellung reaction for the typing of pneumococci (X 1500) Bullowa and Wilcox. 
(Courtesy of Lederle and Company.) 


fo %5 


Fig. 190. Collecting peritoneal washings. 
(From Wadsworth, Standard Methods. Courtesy of Williams and Wilkins Company.) 
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apex of the heart and with a sterile loopful of the heart’s blood inoculate a tube of 
5 per cent blood infusion broth and streak the other half of the blood agar plate 
which has been used for the peritoneal exudate (Fig. 191). 


ff > a: A dy 


aX; 


Fig. 191. Heart blood culture. 
(From Wadsworth, Standard Methods. Courtesy of Williams and Wilkins Company.) 


METHODS FOR THE IDENTIFICATION OF GONOCOCC! 


1. Materials submitted for examination for the gonococcus (Neisseria gonorrheae) 
are usually purulent secretions from the genital tract of both sexes, the vagina of chil- 
dren, sediment of urine, prostatic secretions obtained after massage, and the con- 
junctivae (especially of infants). 

2. Properly prepared cultures on suitable media are much more valuable than 
smears in the diagnosis of gonococcal infections and as bacteriologic guides in treat- 
ment and criteria of cure. 

3. The proper collection of material is very important, especially in relation to 
cultural examinations, because of the short viability time of gonococci. Material col- 
lected on swabs should be placed at once in a small tube containing 0.2 to 0.3 ml. of 
broth and promptly delivered to the laboratory for the preparation of smears and 
cultures. Prompt handling is also required for urine and vaginal washings of children. 
A delay in preparing cultures, due to the transportation of materials, may result in 
falsely negative results because of the death of gonococci or the overgrowth of 
secondary organisms. 

It is recommended that clinics and private physicians obtain from their laboratory 
rubber-stoppered, screw-capped tubes containing 1 ml. of preservation medium for 
N. gonorrheae (page 387). This is a satisfactory method for holding swabs up to 12 
hours. Store in the refrigerator. Swabs which must be mailed should be placed in 1 ml. 
of transport medium for NV. gonorrheae (page 387) in rubber-stoppered or screw- 


capped tubes. 
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4. Upon receipt in the laboratory use the swab for inoculating one G.C. medium 
plate and one chocolate agar plate or 2 of one type in series. These should contain 
2 mg. per cent para-aminobenzoic acid. Roll swab over one edge only and spread 
inoculum with a loop. 

5. Prepare smear with this swab and Gram stain. Examine for pus cells and gram- 
negative diplococci with adjacent sides flattened or concave resembling kidney beans. 

6. In the pre-acute stage before the exudate becomes profuse, the organisms may 
be extracellular, but become intracellular (Fig. 192) during the acute stage when the 
exudate is at its height. At this stage it is common to find many 
organisms gathered within one leukocyte while other cells in the 
immediate neighborhood have none. Later, when the infection 
becomes more chronic, the organisms become less numerous. In 
gonococcal conjunctivitis the organisms may occur in or upon 
epithelial cells. 

7. A positive morphologic report may be rendered when 
smears show large numbers of pus cells with gram-negative 
intracellular diplococci. Smears of urethral discharge from early 
cases and likewise from chronic cases (gleet) showing pus cells, 
many extracellular gram-negative diplococci and at least a few 
typical intracellular organisms, may be also reported as positive. 
Special care is required in reporting vaginal smears because 
other diplococci resembling gonococci are encountered more 
frequently than in the urethra. 

8. A suspicious morphologic report may be rendered in cases 
with discharge when smears show many polymorphonuclear pus 


Fig. 192. Gonococci 
within pus cells. 2 : d 
(From Smith and Célls, but no intracellular diplococci. 


Martin, Zinsser’s Text- 9. A negative morphologic report is justified when smears 


book of Bacteriology, show only a few polymorphonuclear pus cells with no suspicious 
9th ed. Courtesy of Ap- 


pleton-Century-Cro‘ts,  !@tracellular diplococci and no clinical evidence of disease. In 
Inc.) any positive or suspicious case it is advisable to insist upon 

3 or more well-made negative smears at intervals of about 3 days 
before one renders a final negative report. 

10. Culture diagnosis is so far superior to smear methods alone that it should be 
a routine procedure. Although in acute anterior urethritis examination of smears is 
adequate for practical purposes, chronic infections of the male and especially of the 
female often escape detection by this method. In the latter instances well-collected 
swabs promptly cultured on freshly prepared medium are essential. 

11. Place the plates in 10 per cent CO, or a candle jar. Incubate at 36° C. Be 
careful to avoid a temperature higher than 38° C. since gonococci are extremely 
susceptible to even a slight increase above 37° C. 

12. Examine at 24 and 48 hours for medium sized, translucent, moist colonies. 
On a very rich medium they may be mucoid. Crowded plates cause reduction in size 
and detection in mixed cultures requires the use of the oxidase reaction. 

13. Conduct the Oxidase Test as described on page 448. Add the dye with a 
dropper pipet; do not flood the plate. If none of the suspected colonies produces the 
characteristic color reaction, then the entire plate may be covered. Colonies which 


4 


fail to turn black within 2 minutes are probably not gonococci. This reaction is also 
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produced by other neisseria, by certain gram-positive cocci, yeasts and some gram- 
negative bacilli. But the color sequence is generally slower and ends as a gray rather 
than black color. 

14, Black colonies must be confirmed as gram-negative cocci by smear. 

15. To identify as N. gonorrheae pick a similar colony to tubes of G.C. fermenta- 
tion medium (page 387) containing (a) 0.5 per cent glucose or (d) 0.5 per cent 
maltose. Include uninoculated media as controls. Incubate in COs at 36° C. 

16. Also inoculate Loeffler’s medium slant for pigment production by NV. flava. 

17. N. gonorrheae produces acid from glucose and fails to show yellow pigment 
on Loeffler’s medium. Allow a minimum of 48 hours’ incubation. 

18. Maintain gonococcus cultures in a semisolid medium to which 5 per cent 
blood is added. Incubate in CO, but store aerobically at 36° C. Subculture every 3 or 
4 days. 


METHODS FOR THE IDENTIFICATION OF MENINGOCOCC]I 


1. Materials submitted for examination for the meningococcus (Neisseria menin- 
gitidis) are usually spinal fluids, blood cultures and swabs from the nasopharynx. 


Fig. 193. Meningococcus in spinal fluid. 
(From Smith and Martin, Zinsser’s Textbook of Bacteriology, 9th ed. Courtesy of Appleton- 
Century-Crofts, Inc.) 


2. In smears of spinal fluid, the meningococcus is usually arranged in pairs bearing 
a close resemblance to the gonococcus in morphology. When thoroughly decolorized 
they are gram-negative organisms but unless well decolorized may appear gram-positive 
with the possibility of being mistaken for the pneumococcus. 

3. Early in meningococcus meningitis the number of organisms present in smears 
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may be very few and largely extracellular, requiring careful examination. Later they 
become more numerous and largely intracellular (Fig. 193). As a general rule the 
finding of intracellular and extracellular gram-negative diplococci in spinal fluid 
justifies the immediate presumptive diagnosis of meningococcus meningitis and the 
prompt institution of treatment. 

4. Prepare surface streak cultures on plates of plain blood or chocolate blood agar. 
Serum or ascites agar plates may be employed. Incubate at 37° C. for 24 to 48 hours. 
Since the meningococcus is carbon-dioxidophilic, it is advisable to incubate the plates 
in an atmosphere carrying 10 per cent carbon dioxide. On ordinary blood agar plates 
the colonies are not particularly characteristic. They are fairly large, gray, rather 
mucoid and nonhemolytic. On serum or ascites 
agar they are round, convex, bluish-gray, smooth 
and glistening with entire edges. Later they in- 
crease in size, become slightly yellow and opaque 
and may show a granular center. 

5. Prepare a Gram stained smear and examine 
for gram-negative cocci arranged singly or in 
pairs. The presence of single or pairs of swollen, 
deeply stained cocci is characteristic of meningo- 
coccus as is a marked variation in the depth of 
staining among all the cells (Fig. 194). 

6. The identification of meningococcus in 
spinal fluid cultures is simple and requires only 
wibalhe Meningocecels cure smear. confirmation by Gram stain. Because of the mix- 
Mth ao Rane ture of bacteria in nasopharyngeal and _ throat 
tesy of Appleton-Century-Crofts, Inc.) Cultures, however, the oxidase test (page 448) 

must be employed as described under gonococci. 
This procedure is especially important when attempting to detect carriers. 

7. Inoculate suspicious colonies to G.C. fermentation medium (page 387) con- 
taining (a) 0.5 per cent glucose, (b) 0.5 per cent maltose, or (c) 0.5 per cent sucrose, 
and include an uninoculated set as controls. 

8. Inoculate a Loeffler’s medium slant for pigment production. 

9. The method of choice is not the fermentation method in 7. Meningococci can 
be identified most rapidly and dependably by an agglutination test using meningococcal 
antisera (Lederle Laboratories, Pearl River, N. Y.) as follows: 

Clean two glass slides well. Suspend several suspicious colonies in 0.2 to 0.3 ml. 
of physiologic saline containing a drop of formalin to make a heavy suspension. 
Transfer 2 loopfuls to each slide. Near 3 of the antigen deposits place one loopful of 
polyvalent type I-III, type II and type Ila serum respectively. Near the fourth loopful 
of antigen place 1 loopful of normal serum or antiserum of an unrelated organism to 
serve as control for “serum-sensitive”’ organisms. Flame and cool an inoculating loop 
and mix the sera and antigen, flaming and cooling between each set. Examine at once 
over a Strong light for agglutination. 

10. If the fermentation method is used, examine for acid in 24 and 48 hours. 
Meningococci ferment glucose and maltose. Also examine the Loeffler’s slant for 
yellow pigment. 

11. Consult Table 26. 
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TABLE 26. IDENTIFICATION OF NEISSERIA. 


Pigment on 
Species Glucose Maltose Sucrose TseAiere 


N. catarrhalis -- 

N. flavescens Greenish-yellow 
Gonococcus = 
Meningococcus ee 

N. flava Greenish-yellow 
N. perflava Greenish-yellow 
N. sicca a 


* Dry crumbly colonies are usually present on blood agar; if present, identification is easily 
made without aid of further tests. 


METHODS FOR THE IDENTIFICATION OF NEISSERIA CATARRHALIS 


1. Neisseria catarrhalis occurs principally in the respiratory tract and may be 
encountered in cultures of the nose, throat and sputum. It is commonly regarded as 
nonpathogenic and is important only because it must be distinguished from the 
meningococcus. 

2. In smears of fresh material it occurs as a gram-negative diplococcus somewhat 
smaller than the meningococcus and at times arranged in small groups. In sputum the 
diplococci may be both intra- and extracellular. They are not encapsulated. 

3. This organism grows readily on plain agar media, a fact which separates it from 
the gonococcus and meningococcus. On plain or blood agar the colonies at the end 
of 24 hours incubation are convex, whitish-gray and glistening; after longer incubation 
they become coarsely granular, opaque, slightly brownish in the center with wave-like 
periphery, coherent and tenacious. The growth is difficult to emulsify and is frequently 
auto-agglutinable in saline solution. In broth there is usually no turbidity but a coarsely 
granular sediment difficult to break up by shaking; a pellicle may form. The organism 
is aerobic and will grow at 22° C., whereas the meningococcus and gonococcus require 
a higher temperature. 

4. Sugar fermentation tests may be employed for final identification (Table 26). 


METHODS FOR THE IDENTIFICATION OF BACILLUS ANTHRACIS 


1. The malignant pustule, or anthrax of the skin, produced by B. anthracis may 
be mistaken clinically for a simple furuncle or carbuncle. 

2. It is usually encountered among workers in hides, hair and wools, but may be 
derived from shaving brushes or other articles. 

3. Great care must be exercised in handling materials and cultures. Be sure to place 
contaminated materials in a strong solution of formalin such as Bard-Parker Germi- 
cide or directly in the autoclave. 

4. Septicemia may occur and blood cultures should be included routinely. 

5. Anthrax of the bronchi may occur (wool sorter’s disease) in which case the 
bacillus occurs in the sputum. 

6. Anthrax of the intestinal mucosa may also occur with the bacillus in the feces. 

7. Malignant pustule material is received on swabs. Streak aerobic and anaerobic 
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blood agar plates. B. anthracis grows readily on simple media, but blood agar is used 
to detect pyogenic cocci which may be present. 

8. Prepare direct smear and stain by the Gram method. B. anthracis is indis- 
tinguishable from other members of the bacillus group. The cells are large and have 
square ends (Fig. 195). Chains are produced in broth and on agar culture, but are 
rarely observed in direct smears of exudate. They are distinctly gram-positive. 


Fig. 195. Anthrax bacilli. 


Smear of spleen of animal dead of anthrax. (From Smith and Martin, Zznsser’s Textbook of 
Bacteriology, 9th ed. Courtesy of Appleton-Century-Crofts, Inc.) 


9. Incubate cultures 24 hours at 37° C. and examine for large, rough, irregularly 
shaped colonies having a whorl] “‘medusa-head” appearance. 

10. Spores are usually detected at this time in Gram stained smears. 

11. Inoculate a tube of extract broth or semisolid motility medium. Incubate at 
room temperature for 4 to 8 hours. B. anthracis is nonmotile, whereas most other 
bacillus species are motile. 

12. Inoculate a Loeffler’s serum medium slant for liquefaction. Incubate at 37° C. 

13. The final and decisive method for identification is a virulence test. Inject 0.3 
ml. of a young broth culture, or a light saline suspension from agar, intramuscularly 
into the thigh of a mouse. B. anthracis will kill the animal in 12 to 24 hours, and 
produce a sanguinous edema at the site of injection. As a check, the mouse should be 
autopsied and heart’s blood cultured to agar as described under pneumococcus identi- 
fication. The animal dies from a septicemia. 

Since other members of the bacillus genus are not entirely devoid of pathogenicity, 
the evidence for the identification of B. anthracis is more clearly established if a 
second mouse is injected similarly with a 1:10 dilution of the culture. 

14. B. anthracis must be particularly differentiated from B. subtilis, B. mycoides 
and B. mesentericus which are nonpathogenic contaminants. 

Ascoli Test. The Ascoli test for the detection of anthrax bacilli in meat may be 
conducted as follows: 
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1. Macerate the tissue with 5 to 10 parts of saline solution or 1:1000 acetic acid 
and boil for 15 minutes. 

2. Centrifuge and filter through paper. 

3. Place 0.5 ml. of antianthrax serum of good precipitating titer in a test tube and 
overlay with 0.5 ml. of clear filtrate. 


4. Stand at room temperature for 15 minutes. A positive reaction is indicated by a 
white ring of precipitation. 


Motility Blood Serum Milk Virulence for | 
Mice 


. anthracis Absent No or slight Acid and coagulation Virulent 


digestion 
. subtilis Present Digestion Alkaline Nonvirulent 
. mycoides Present No digestion Acid; no coagulation | Nonvirulent 
. mesentericus .. Present Slight digestion | Acid; no coagulation | Nonvirulent 


Blood Cultures. It is always advisable to culture 10 to 20 ml. of blood in 150 ml. 
of blood culture medium (page 378). The bacilli may be present and especially just 
before death. 

Isolation from Hair or Bristles. 1. Rub up the suspected material in saline 
solution. Divide in half and heat one portion at 80° C. for 15 to 30 minutes to kill 
nonspore-forming contaminants. 

2. Centrifuge both portions. Inoculate both sediments to blood agar. 

3. Inoculate mice with both sediments. 

4. Incubate cultures at 37° C. and identify growths as just described. 
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’ is nonpathogenic, but 


is occasionally found as a saprophyte in old sinuses and infected wounds. It is also a 
common contaminant of culture media and may be mistaken for B. anthracis. 


1. This organism, commonly known as the “hay bacillus,’ 


2. Typical colonies are large, dull, rough and hemolytic with very irregular edges 
similar to those of B. anthracis. When held up to the light they present a typical 
ground-glass appearance. Colonies of other organisms of this group vary from the large, 
feathery, spreading growth of B. mycoides to small, smooth, shiny, compact colonies 
slightly resembling those of the coliform organisms. Sometimes the colonies show a 
definite green color or purplish iridescence. 

3. B. subtilis is aerobic and, in broth, grows largely on the surface with a pellicle 
which later may drop to the bottom of the tube. It rapidly liquefies both gelatin and 
Loeffler’s blood serum medium. 

4. The organism is gram-positive and occurs as straight rods (Fig. 196) in chains. 
Spores are found usually slightly nearer one pole than the other. 

5. It is actively motile, whereas B. anthracis is nonmotile. For further differentia- 
tion see Methods for the Identification of Bacillus anthracis. 

6. B. anthracis is the only pathogenic member of the genus bacillus. Therefore, it 
is recommended that all other species be distinguished from B. anthracis according 
to the methods described, and then reported simply as B. subtilis. 
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Fig. 196. Bacillus subtilis. 


METHODS FOR THE IDENTIFICATION OF CORYNEBACTERIUM 
DIPHTHERIAE 


Principles. 1. Corynebacterium diphtheriae is the only highly pathogenic member 
of the corynebacteria, a term meaning club-shaped bacilli. Its most significant prop- 
erty is the production of a powerful exotoxin. 

2. Diphtheria is usually an infection of the larynx (membranous croup), fauces 
and nose; but in warm damp climates it occurs as a primary or secondary infection 
of the skin. | 

3. The bacillus must be distinguished from the morphologically similar diph- 
theroids which are normal inhabitants of the mucous membranes and skin. Identifica- 
tion of a toxin-producing diphtheria bacillus can be made only by animal inoculation. 

4. The carrier state is common but generally lasts only a few days. Detection 
requires careful cultural procedures, and subsequent study often demonstrates the 
presence of nontoxigenic strains which, presumably, are not significant. 

5. Infections clinically indistinguishable from early diphtheria may be produced 
by streptococci and/or staphylococci. Secondary infection with fusospirochetal organ- 
isms also resembles diphtheria. On the other hand, any one of the groups just named 
may occur in conjunction with C. diphtheriae and mistakenly be accepted as the sole 
cause of the infection. At the present time, diphtheria is the forgotten infection of 
man and the tragic consequences are all too frequently observed. 

Methods. 1. Two swabs should be collected; one from the throat or larynx, the 
other from the nasopharynx. 

2. If direct smears are desired, these must be made from an extra set of swabs. 
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Stain direct smears with Loeffler’s methylene blue and by the Gram method. Actually 
this procedure is of little value and usually results only in confusion. C. diphtheriae 
is generally indistinguishable from diphtheroid bacilli. In the face of the pressure which 
accompanies these specimens, however, direct smears are usually attempted. Although 
the morphology of C. diphtheriae is highly variable, the presence of many delicate- 
looking, gram-positive bacilli which are club-shaped and show irregular staining is 
highly suggestive (Fig. 197). Metachromatic granules in the methylene blue-stained 
smear further increase the probability of diphtheria bacillus. Under such circumstances 
report the smear as “morphologically positive for C. diphtheriae.” But never depend 
entirely upon smears either for confirmation or for exclusion. 


Fig. 197. The diphtheria bacillus. 


Gravis type, from blood agar, x 1200. Methylene blue stain. (From Jordan and Burrows, 
Textbook of Bacteriology, 15th ed. Courtesy of W. B. Saunders Company.) 


3. Streak each swab separately on (a) one Loeffler’s serum medium slant, (0) 
one of the tellurite agars listed in Chapter 19 and (c) aerobic and anaerobic blood agar. 

4. If the direct smear is highly suggestive and if the clinical diagnosis strongly 
favors diphtheria, the 2-guinea-pig virulence test should be conducted. Obtain a fresh 
swab from the patient if possible and inoculate to 2 Loeffler’s slants. Incubate until 
the end of the day. Add 0.5 ml. of broth to each slant, suspend growth and pool. 
Proceed as described later under Virulence Test for Field Cultures. 

5. Incubate the cultures mentioned in method 3 for 18 to 24 hours. C. diphtheriae 
colonies cannot be recognized grossly on Loeffler’s medium. On blood agar they are 
small to medium, opaque, smooth, convex and gray. Some colonies (mitis type) further 
resemble streptococcus by showing a narrow zone of beta hemolysis. The appearance 
on tellurite agar varies with the type as follows: 

Mitts. Small, convex, black, smooth, round. 

INTERMEDIATE. Small, flat, uneven surface, black center, edge somewhat uneven. 

Gravis. Medium sized, raised dark gray center and lighter periphery (daisy-head). 

These descriptions are not entirely specific for C. diphtheriae in that they may be 
simulated by colonies of other bacterial species. Make methylene blue-stained smear 
to check morphology. 

6. Pick 4 single colonies to Loeffler’s medium and incubate for 18 to 24 hours. If 
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smear examination indicates a pure culture, wash off the growth on each one with 
0.5 ml. of sterile broth and test separately by the intracutaneous virulence test de- 
scribed later. 

7. Some information may be gained by setting up fermentation tests. C. pseudo- 
diphtheriae (C. hofmanii), the most common of the diphtheroids, grows in simple 
fermentation broth and fails to ferment glucose; this is, therefore, a rapid method for 
the routine exclusion of the diphtheria bacillus which will not grow in such a medium. 
C. xerose is a nonpathogenic species which is separated from C. diphtheriae by fermen- 
tation of glucose and sucrose and by growth in simple broth media. 

Virulence Test for Field Cultures. Do not use unless mixed cultures or original 
inoculum must be employed. 

1. Remove hair on one flank of two guinea pigs, preferably white, using clippers 
or a depilatory. 

2. Inject 1 animal intra-abdominally with 500 units of diphtheria antitoxin. Wait 
4 hours. 

3. Inject subcutaneously 0.5 ml. of a saline suspension of the fresh specimen or of 
the Loeffler’s slant washings (previous step 4) into the shaven areas of both animals. 

4. Observe daily up to 4 days for evidence of local edema and necrosis, and of 
illness. Death may ensue. The test is negative if (a) neither animal shows evidence of 
local infection or toxemia, or (4) both animals die or show similar reactions. It is 
positive when there is little or no evidence of infection in the protected guinea pig 
and the test animal shows definite edema and necrosis at the site of inoculation or dies. 
Indefinite reactions are not uncommon. Proceed with a virulence test on pure cultures. 

Intracutaneous Virulence Test. This test is for the detection of toxin producing 
strains in pure culture. 

1. Use washings from a Loeffler slant as described in previous step 6. 

2. Shave or clip both flanks of a guinea pig or rabbit (preferably white). 

3. Inject 0.1 ml. of the Loeffler’s washings separately into 4 areas on one flank 
using a different syringe and 26 gauge needle each time. 

4. Place the culture suspension in the refrigerator. 

5. Four hours later inject the animal intra-abdominally with 100 units of diphtheria 
antitoxin. 

6. Thirty minutes later repeat the 4 subcutaneous injections in the opposite flank. 

7. Examine daily for 3 days for edema and necrosis on the test (before antitoxin) 
side and their absence on the control side. If the results are equivocal, repeat the test 
with a 3-day infusion, serum broth culture grown in 5 ml. of medium in a large tube 
so as to produce a large surface area. 


METHODS FOR THE IDENTIFICATION OF DIPHTHEROID BACILLI 

1. Diphtheroid bacilli are widely distributed and are constantly present on the 
normal mucous membranes and skin. 

2. They are commonly found in the pus of chronic infections, especially those 
involving bone (otitis media, wounds and fistulae) as secondary invaders. 

3. They are generally nonvirulent, but occasionally are involved in acne-like 
lesions. They are readily mistaken for C. diphtheriae with unnecessary prolongation 
of quarantine following recovery from diphtheria. 

4. Under the microscope diphtheroid bacilli cannot be reliably distinguished 
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from C. diphtheriae. It seems to be a widely accepted notion that diphtheroids are 
shorter, stain more evenly and solidly, and are more likely to be arranged in a “pali- 
sade” or “picket-fence”’ arrangement than is the diphtheria bacillus. As a general rule, 
the appearance just described is true, but exceptions are too frequent (Fig. 198) to 
make smear identification reliable. 


Fig. 198. A diphtheroid bacillus. 


Culture smear stained with methylene blue, xX 1050. Note close resemblance to Corynebacterium 
diphtheriae. (From Jordan and Burrows, Textbook of Bacteriology, 15th ed. Courtesy of W. B. 
Saunders Company.) 


5. These organisms grow on plain agar much more luxuriantly than C. diphtheriae. 
Surface colonies on blood agar are typically small, dull, flat, nonhemolytic with a 
slightly rough or stippled surface. They are usually quite hard and do not emulsify 
easily in broth. Some diphtheroid bacilli, however, produce larger, grayish-white, 
smooth colonies which may resemble Staphylococcus albus. Others are very tiny and, 
except for being pinpoint in size, have no other distinguishing characteristics. There 
is nothing distinctive about deep colonies in blood agar plates since they are small and 
nonhemolytic. 

6. Differentiation from C. diphtheriae may be attempted by (a) culturing on 
extract agar since the diphtheria bacillus, when first isolated, usually fails to grow 
and (b) fermentation tests in G.C. fermentation medium (page 387) since the most 
common species of diphtheroid (C. pseudodiphtheriae) does not ferment glucose. 
However, neither of these methods is entirely reliable. The only dependable method 
for excluding the possibility of toxin-producing diphtheria bacilli is by means of the 
Intracutaneous Virulence Test as described for C. diphtheriae. 

7. Some types produce yellow-orange pigmented colonies, especially on Loeffler’s 
medium. 

8. The colonies on tellurite agar may resemble those of C. diphtheriae. 


METHODS FOR THE IDENTIFICATION OF HEMOPHILUS INFLUENZAE 

Principles. 1. The hemophilus group occurs on the mucous membranes in health 
and in disease. H. influenzae is a pathogen and should be considered significant when 
encountered in large numbers in primary cultures. 

2. Once considered the cause of epidemic influenza it is now known to be one of 
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the secondary invaders following a primary virus infection. H. influenzae, type b, is, 
however, an important primary cause of sinus, middle ear, pharyngeal and pulmonary 
infections. In children, influenzal meningitis is common. 

3. The Koch-Weeks bacillus which causes acute epidemic conjunctivitis is either 
H. influenzae or a variety indistinguishable from it. 

4. By definition, the members of this genus require hemoglobin for growth or are 
stimulated by it. Actually, this property is variable as shown in Table 27. 


TABLE 27. GROWTH REQUIREMENTS OF THE GENUS HEMOPHILUS. 


. V Factor X Factor : 
seen: Coenzyme I or II Hemoglobin Hemolysis 
a influenzae + aL ams 
| Koch-Weeks bacillus ap aie = 
|H. parainfluenzae + whe at ate 
H. hemolyticus + =e eu 
H. pertussis = a ae 
H. parapertussis = ees ae 
Hi. ducreyi a 


Methods. 1. Inoculate aerobic and anaerobic blood agar. Preserve the specimen 
by adding to the swab or spinal fluid sediment 0.1 ml. of 0.5 per cent formalin in 
saline. Store in the cold. 


2. Place antibiotic disks (page 557) on these 
plates since growth of hemophilus occurs about 
the penicillin disk in the zone often cleared en- 
tirely of gram-positive cocci. 

3. Incubate for 24 to 48 hours. The colonies 
are usually pinpoint in size and require close 
observation for detection. They are gray, trans- 
lucent, smooth and nonhemolytic. A characteris- 
tic odor is produced by H. influenzae. 

4. If hemolysis is noted, transfer to 10 per 
cent clear serum infusion agar. H. hemolyticus 
will not grow; H. parainfluenzae will grow since 
it does not require the X factor. 


Figs 199. Hemophilus influenzae. 5. Make Gram stained smears. The morphol- 
Cocco-bacillary form in 24 hour Ogy varies from tiny gram-negative coccobacilli 
chocolate agar culture; smooth colony; (Fig. 199) to long slender filamentous forms 


oil BOS Ose (From Smith and Martin, (Fig. 200). 
Zinsser’s Textbook of Bacteriology, 9th s ; L F ; P 
ed. Courtesy of Appleton-Century- 6. Growth in broth is possible in Levinthal 


Crofts, Inc.) broth (page 396). 
7. The most practical method for identifying 
H. influenzae and other hemophilus organisms requiring the V factor is to spot- 
inoculate an agar plate with staphylococcus. After incubation hemophilus colonies will 
be larger or present only in the vicinity of the staphylococcus. This is the diagnostic 
“satellite phenomenon.” 
8. There are at least 5 serologic types (a to f) of H. influenzae based upon the 


THE IDENTIFICATION OF HEMOPHILUS INFLUENZAE 508 


presence of specific capsular polysaccharides. The most pathogenic is type b. Since 
types a and b rabbit antisera are still being used therapeutically, the typing of H. influ- 
enzae may at times be an important procedure, especially with spinal fluid which 
contains gram-negative bacilli in direct smears. Serologic typing is a sure and rapid 
means for the identification of this organism. It is regrettable, indeed, that diagnostic 
sera are becoming increasingly difficult to pro- 
cure. 

Capsular Swelling Test. 1. Use the same 
technic as described for the typing of pneumo- 
cocci (page 491). 

2. Employ types a and b diagnostic antisera 
obtainable from Lederle Laboratories, Pearl 
River, New York, or E. R. Squibb and Sons, 
New York. 

3. The ability to show capsular swelling is 
lost rapidly. Best results are obtained with 18 to 
24 hour growths of the primary isolation. Sub- 
culture to blood agar is not satisfactory; use 
young cultures in Levinthal broth. 

Precipitin Test for Polysaccharide. As 
shown by Alexander and her colleagues (J. 
Pediat., 1942, 20:673), the amount of poly- 
saccharide produced by H. influenzae is an index Fig. 200: Hemophilus 


influenzae. 
of the severity of infection. In the treatment of Filamentous form; culture 


influenzal meningitis sufficient type-specific anti- from a rough colony; oil immersion. 


smear 


(From Smith and Martin, Zinsser’s 
Textbook of Bacteriology, 9th ed. Cour- 
tesy of Appleton-Century-Crofts, Inc.) 


influenzal serum should be administered for the 
neutralization of free polysaccharide in the spinal 
fluid; however, a great excess of antibody is not 
advisable. A precipitin test for polysaccharide in the spinal fluid, therefore, has been 
found very useful in guiding the treatment of influenzal meningitis; the technic is 
described in Chapter 34. 

Spinal Fluid Glucose in Influenzal Meningitis. Alexander, Ellis and Leidy have 
also shown that the dosage of immune rabbit serum globulin to employ in the treat- 
ment of influenzal meningitis may be estimated upon the basis of the amount of 
glucose in the spinal fluid. The test is conducted as follows: 


SPINAL : 
REDUCTION OF 1 ML. OF BENEDICT’S * 
mene yas QUALITATIVE REAGENT 
1 00s | + 0 0 0 0 0 
2 0.1 je ey + 0 0 On 0 
3 0.15 + + aE taen a See Pace) 
4 0.2 te ay i Mit Marae tee 0 0 
5 0.25 an + a ar ae 0 
mg. % Glucose over 50 | 40to50 | 30to40 | 20to30 | 10to 20 < 10 
OE aE Se Se eee rs Oe ee Se 


* + — reduction of reagent; 0 = no reduction of reagent. 
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The dosage of serum to employ is based upon the spinal fluid glucose as follows: 


SPINAL FLUID GLUCOSE | MG. ANTIBODY NITROGEN 
(MG. PER CENT) INDICATED 
< 1s 100 
15 to 25 15) 
25 to 40 50 
over 40 25 


METHODS FOR THE IDENTIFICATION OF HEMOPHILUS PERTUSSIS 


1. Employ Bordet-Gengou agar. This medium has an acid reaction which inhibits 
H. influenzae. Prepare from tubes of the melted and cooled agar base. At the time blood 
is added also incorporate penicillin in a final concentration of 0.2 units per ml. An 
alternate procedure for employing penicillin is that of Bradford and others (Am. J. Pub. 
Health, 1946, 36:468) in which the surface of the agar is streaked with one loopful 
of 1000 units per ml. penicillin solution just before inoculation (Fig. 201). 


Fig. 201. Colonies of Hemophilus pertussis. 
Nasal culture on Bordet-Gengou agar, showing the inhibiting effect of penicillin on the growth of 
contaminating organisms (right) to facilitate the identification of H. pertussis. The control plate is 
shown on the left. (From Dr. W. L. Bradford. Courtesy of the American Journal of Public Health.) 


2. The specimen of choice is a nasopharyngeal swab which after collection is 
placed in 0.2 to 0.3 ml. of broth (page 333). This is used to streak the agar plate. 

3. The traditional cough plate is still used but is less satisfactory. Hold an open 
plate of B-G agar 6 inches from the mouth of the patient during a spontaneous 
paroxysm of coughing. 
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4. Incubate up to 5 days. H. pertussis colonies do not appear before 2 days. They 
look like beads of mercury and are surrounded by a narrow zone of hemolysis. 

5. The colonies do not show the “satellite phenomenon” which is a valuable aid 
in differentiating them from colonies of H. influenzae. 

6. Prepare smears and stain by the method of Gram. This organism is gram- 
negative and does not form spores (Fig. 202), 

7. Identification by Agglutination. The growth 
from a 3 to 5 day Bordet-Gengou culture is sus- 
pended in 0.2 ml. of physiologic saline solution. 
The density should be 2 to 3 times that used for 
tube agglutination tests. Divide a clean glass slide 
in two parts vertically with a wax crayon. On one 
side place a 4 mm. loopful of phase I antipertussis 
serum such as human hyperimmune serum com- 
monly used for passive immunization. On the 
other side place 1 loopful of negative (control) 
serum. Add 1 loopful of antigen to the control 
area and mix. Repeat with the positive serum. 
Tilt the slide back and forth a few times. Exam- 
ine for agglutination under strong reflected light. Fig. 202. Hemophilus pertussis. 

Degenerate pertussis bacilli (phases II-IV) Organisms from forty-eight-hour cul- 
may be agglutinated by phase I antiserum; or RU pias aa SoS CO ee 
they may be rough enough to be spontaneously of Bacteriology, Oth ed. Courtesy of 
agglutinable. Appleton-Century-Crofts, Inc.) 


METHODS FOR THE IDENTIFICATION OF HEMOPHILUS PARAPERTUSSIS 


1. Isolations are made on Bordet-Gengou agar. 

2. Differentiate by colony appearance. In distinction to H. pertussis the colonies 
appear in 24 to 48 hours and are larger with a distinct brownish discoloration in and 
beyond the hemolytic zone. It also grows more readily on media other than B-G agar. 

3. It is agglutinated by phase I pertussis antiserum. 

4. Clinically the infection resembles mild pertussis but can only be distinguished 
by bacteriologic methods. 

5. It also bears some resemblance to Brucella bronchiseptica which, however, is 


motile. 


METHODS FOR THE IDENTIFICATION OF THE KOCH-WEEKS BACILLUS 


1. The Koch-Weeks bacillus (Hemophilus influenzae?) causes acute contagious 
conjunctivitis commonly known as “pink eye.” 

2. Diagnosis is best made by the examination of smears of conjunctival secretions 
stained by the method of Gram. 

3. The organism occurs as a small gram-negative bacillus indistinguishable from 
H. influenzae (Fig. 203). It is usually intracellular but also extracellular. In acute 
cases the bacilli are present in large numbers but are so small that they may be over- 
looked. They tend to occur in shoals near pus cells. Smears stained with dilute carbol- 
fuchsin are sometimes to be preferred. 
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4. As a general rule, such findings are sufficient for diagnosis. 

5. If cultures are desired, inoculate blood agar as both growth factors, X and V, 
are required. Incubate for 24 to 48 hours. Examine for tiny 
dewdrop colonies of gram-negative bacilli. The colony is indis- 
tinguishable from that of H. influenzae. 


METHODS FOR THE IDENTIFICATION OF THE 
MORAX-AXENFELD BACILLUS 


1. The correct term is now Moraxella lacunata. It is a 
primary or secondary cause of subacute corneal and conjunctival 
infections. 

2. Prepare smears and stain by the method of Gram. 

Fig. 203. Conjunctival 3. The organisms appear as short, thick bacilli, usually in 
smear showing Koch- the form of 2 bacilli placed end to end, but infrequently singly 
parcaeacill or in short chains. Their ends are distinctly rounded, their cen- 

P, intracellular ba- : , meets : : : 
cilli. (From Todd and ters slightly bulging, giving the bacillus an ovoid form (Fig. 


Sanford, Clinical Diag- 204). They are gram-negative; are not encapsulated, and do not 
nosis by Laboratory form spores. 


Methods. Courtesy of , ; j ‘ : 
Wero eae Con: 4. Such findings are not sufficient for diagnosis. 


pany.) 5. Inoculate to Loeffler’s serum medium and to blood agar. 
Incubate for 24 to 48 hours aerobically. 
6. No growth occurs on blood agar. On Loeffler’s the colonies are tiny and gray. 
They appear as indentions in the medium due to liquefaction. With subculture, growth 
may occur on blood agar. 


METHODS FOR THE IDENTIFICATION 
OF HEMOPHILUS DUCREY!| 


1. Hemophilus ducreyi is the cause of 
chancroid of the genitalia. Approximately 
10 per cent of venereal infections are caused 
by this organism. 

2. The best method of examination con- 
sists in aspirating an unopened bubo and 
preparing smears and cultures of the pus. 
When buboes are not present, material may 
be scraped from the base of the ulcer or 
from beneath its overhanging edge with a 
stiff wire. 

3. Stain the smears by the method of 


Gram. The presence of extremely small Fig. 204. Morax-Axenfeld diplobacillus. 
gram-negative bacilli with no capsules and (From Smith and Martin, Zinsser’s Text- 


no spores is usually sufficient for diagnosis, 290% of Bacteriology, 9th ed. Courtesy of Ap- 
They have a tendency to occur in short Pleton- Century, (colts ina 
chains and in parallel rows. In smears of 
pus they are often intracellular. They stain more deeply at the poles. 

4. H. ducreyi is not easily cultivated. The method of Greenblatt and Sanderson is 
recommended (Am. J. Surg., 1938, 41:384). Obtain 5 ml. of rabbit blood aseptically by 


THE IDENTIFICATION OF PASTEURELLA TULARENSIS 509 


cardiac puncture and defibrinate in a tube containing glass beads. Heat at 55° C. for 
5 minutes. Inoculate with aspirated pus or scrapings. Incubate for 24 to 48 hours in a 
CO, or candle jar. Rabbit blood agar (page 396) is another satisfactory medium. 


METHODS FOR THE IDENTIFICATION OF PASTEURELLA TULARENSIS 

1. Pasteurella tularensis (Bacterium tularense) produces a disease of rodents trans- 
missible to man with the production of four chief clinical types of disease: (a) ulcero- 
glandular, due to infection of the skin and later of the regional lymphatic glands; 
(6) oculoglandular, due to infection of the conjunctivae and later of the lymphatic 
glands; (c) glandular, with no primary lesion; and (d) typhoidal, with no primary or 
glandular lesions. 

Before conducting the rather difficult and risky procedures required for the labora- 
tory diagnosis of tularemia, it is well to consider the etiology. Tularemia may be 
suspected in any febrile illness when the patient has been handling wild game, particu- 
larly rabbits, or has been bitten by deer flies or 


other arthropods in an endemic area. Weete ON? Ore ee 

2. If secretions are available, prepare smears pies - a OP 
or slides and stain by the Gram method. It is also reer oe -at 3! 
advisable to make a darkfield examination for oe spire, eit. ne) 
T. pallidum to exclude the possibility of syphilis nes Lire on Ue ites 
if the material is obtained from a cutaneous ” * we? ve 
lesion. cm ; se 


3. Past. tularensis is not often recognized in 
direct smears. Look for tiny gram-negative cocco- 
bacilli; elongated cells may be bipolar. 


4. Culture the exudate aerobically on blood 
glucose cystine agar (page 388). In 4 or 5 days 
growth appears as tiny gray colonies. These de- 
velop eventually into medium-sized, gray, trans- 
lucent colonies. 


Fig. 203. Pasteurella tularensis. 


Note 
bacillary form in twenty-four hours 
on fresh culture medium (Francis). 
(From Jordan and Burrows, Textbook 
of Bacteriology. Courtesy of W. B. 
Saunders Company.) 


change from coccoidal to 


5. Confirm the nature of the growth by finding 
the highly pleomorphic bacilli in Gram- or carbolfuchsin-stained smears (Fig. 205). 

6. Subculture to the same medium and also to plain blood agar which should not 
show growth. 

7. Sputum and bubo aspiration material are handled in the same manner. For 
blood culture see Methods for Examinations of the Blood. 

8. ANIMAL INOCULATION. This procedure must be carried out with the utmost care 
to avoid laboratory infection and should not be attempted by the partially-trained 
technician. Emulsify exudate in 2.0 ml. of broth and inject intra-abdominally into a 
guinea pig. Blood, pleural effusion and sputum may be used as collected. If the animal 
appears ill or dies in 5 to 9 days, do a careful autopsy and examine liver and spleen 
for small white necrotic lesions. Inoculate tissue slices to blood glucose cystine agar. 

9. Final identification is by the agglutination test. Suspend agar growth in 0.5 per 
cent formalinized saline. Do test tube agglutination test using serial dilutions of known 
Past. tularensis antiserum. Include a control test with brucella antiserum since cross 


agglutination occurs. 
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METHODS FOR THE IDENTIFICATION OF PASTEURELLA PESTIS 


1. Pasteurella pestis produces a disease of rodents transmissible to man. In the 
latter, two varieties occur: (a) bubonic plague due to infection of lymphatic glands, 
and (b) pneumonic plague due to infection of the lungs. 

2. In the bubonic type prepare smears and cultures of pus obtained from the 
buboes. If these are small, hard and difficult to aspirate, excise a gland. In the pneu- 
monic type prepare smears and cultures of the sputum. A blood culture is advisable 
in all cases. From cadavers secure material from glands, spleen and lung. 

3. Stain smears by the method of Gram and also with methylene blue or dilute 
carbolfuchsin after methyl alcohol fixation to bring out bipolar staining. 

4. Inoculate plates of blood agar by the surface streak method. For blood cultures 
use nutrient broth. 

5. Incubate at 30 to 35° C. for 48 hours and examine. 

6. The bacilli are short and thick with rounded ends and convex sides, occurring 
singly or in pairs and at times in short chains or small groups (Fig. 206). They are 
highly pleomorphic with marked variations in size and staining. They are gram-negative 
and bipolar, nonmotile, and nonsporulating. 


Fig. 206. Pasteurella pestis. 
Culture smear fixed with methyl alcohol and stained with methylene blue. Left, < 1050; right, 
< 1800. (From Jordan and Burrows, Textbook of Bacteriology. Courtesy of W. B. Saunders 
Company.) 


7. The colonies are small, round, glistening, transparent, colorless, granular and 
entire or with slightly undulating edges. There is no hemolysis on blood agar or lique- 
faction of Loeffler’s blood serum medium. 

8. In broth there is moderate growth with a delicate pellicle from which threadlike 
growths (stalactites) hang down in the medium. 

9. Acid but no gas is produced in media carrying glucose, maltose, mannitol and 
salicin. Litmus milk is acidulated but not coagulated. Gelatin is not liquefied. 

10. If specific Past. pestis antiserum is available, the quickest method of identifica- 
tion is by the macroscopic tube agglutination test. Suspend agar growth in half-strength 
saline (0.45 per cent) containing 1.0 per cent formalin. Place at 37° C. for 2 hours to 
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destroy the cells. Set up serial dilutions of serum in test tubes and incubate at 37° C. 
for 2 hours. 

11. ANIMAL INocuLATION Test. (a) Use guinea pigs. (b) Inoculate subcutane- 
ously with small amounts (0.2 ml.) of original material or of a heavy suspension of 
suspected culture. (c) If Past. pestis is present, the animals will die in 2 to 4 days 
with the characteristic lesions in the spleen and liver. (d) Prepare smears and cultures 
as just described. 

12. DIAGNosIs OF PLAGUE IN RopENTs. Consult the Plague Laboratory, U. S. 
Public Health Service, San Francisco, or the National Institutes of Health, Bethesda, 
Maryland. ; 


METHODS FOR THE IDENTIFICATION OF PSEUDOMONAS 
AERUGINOSA 


1. Pseudomonas aeruginosa (B. pyocyaneus) is widely distributed in nature and 
is ordinarily of low pathogenicity. It is particularly likely to occur as a secondary 
invader in chronic suppurations, especially in those involving bone (chronic otitis 
media, suppurative mastoiditis, osteomyelitis, in- 
fected wounds and sinuses). It may, however, 
produce primary infections, especially in poorly 
nourished children (acute otitis media, diarrhea 
and gastro-enteritis). It occasionally produces 
septicemia. 

2. In smears and cultures it occurs as a short, 
slender (Fig. 207), gram-negative bacillus, ordi- 
narily single but sometimes in chains of 4 to 6 
elements. 

3. It stains readily, is noncapsulated, actively 
motile, and nonsporulating. 

4. Ps. aeruginosa grows luxuriantly on ordinary 
media at 37° C. On blood agar plates the surface Fig. 207. Pseudomonas aeruginosa. 
colonies may be recognized with a fair degree of | | (From Park, Williams and Krum- 
< a wiede, Pathogenic Microorganisms. 
accuracy by their appearance and characteristic Courtesy of Lea and Febicer Com- 
odor. They are usually large, greenish-gray, ex- pany.) 
tremely irregular in shape and present a stippled 
appearance. They may spread slightly in an irregular zone around the colony. They 
may appear iridescent by transmitted light and have a metallic sheen by reflected light. 
The typical green pigment may or may not be apparent on blood agar. On desoxy- 
cholate agar the colonies may be small, translucent and colorless. After 48 hours 
incubation, however, they are readily recognized by their dark green-brown centers. 
On all solid media the colonies have a characteristic gummy consistency. 

5. The organism in aerobic cultures produces characteristic pigments which diffuse 
into the medium. One of these is fluorescein, which is greenish-yellow, soluble in water 
but insoluble in chloroform. The second is blue-green or pyocyanin, soluble in both 
water and chloroform. It grows readily in broth and especially on the surface with the 
formation of a pellicle. Occasionally the color is apparent, but more often, due to 
oxygen requirements, it is necessary to shake the tube vigorously to produce a notice- 


able pigment. 
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6. It rapidly digests Loeffler’s serum medium and gelatin, and may produce acid 
from glucose but is otherwise nonfermentative. 

7. The pseudomonas genus contains a large number of species, many of which 
produce water-soluble pigments. Those producing a greenish-yellow color will be re- 
ported as Ps. aeruginosa although they are often some other species. This is, however, 
accepted practice. Other types produce pigments of other hues, or no pigment at all. 
The latter are particularly difficult to identify although gelatin liquefaction and 
motility help. These are separated from proteus by the higher fermentative properties 
and urease production of the proteus strains. The logical approach diagnostically is to 
exclude the possibility of pathogenic gram-negative bacilli and, when satisfied that 
this has been done, to report the nonpigmented isolate as a nonpathogenic variety of 


a gram-negative bacillus. 


METHODS FOR THE IDENTIFICATION OF KLEBSIELLA PNEUMONIAE 

1. Klebsiella pneumoniae (B. mucosus capsulatus) or the Friedlander bacillus is 
usually found in the respiratory tract associated with or producing chronic sinusitis, 
otitis media and mastoiditis, bronchitis, bronchiectasis, pneumonia and pleuritis, and 
occasionally pericarditis, conjunctivitis, meningitis and septicemia. It is also important 
in relation to infections of the urinary tract. 

2. A heavily encapsulated gram-negative bacillus isolated from the sputum in 
pneumonia, or the spinal fluid in meningitis, is usually regarded as Friedlander’s 
bacillus. The same organism isolated from a urine culture might be wrongly classified 
as Aerobacter aerogenes. Therefore, designation of an organism as Friedlander’s bacillus 
depends primarily on the source of the culture. 


Fig. 208. Klebsiella pneumoniae. 


(From Zinsser and Bayne-Jones, Textbook of Bacteriology. Courtesy of D. Appleton-Century 
Company.) 


3. In smears of pus and cultures it occurs as short, plump bacilli or diplobacilli. 
singly and occasionally in short chains (Fig. 208). 
4. The organism stains readily and is gram-negative, encapsulated (Fig. 209), 


nonmotile and nonsporulating. 


THE IDENTIFICATION OF KLEBSIELLA RHINOSCLEROMATIS 513 


5. It grows well on ordinary media at 37° C. Surface colonies on plain blood agar 
are very large, gray, mucoid, heaped-up and nonhemolytic with a marked tendency to 
become confluent. In consistency they are very soft and mucoid, and when touched 
with an inoculating needle, the growth “strings 
up” in long threads, leaving the surface of the 
colony intact. 

6. It grows well in broth with a pellicle and, 
after several days, a marked viscosity. 

7. Biochemical identification is practically 
impossible due to the variability of the reactions. 
The best approach is to rule out aerobacter which 
may also produce slimy growth (see identifica- 
tion of Aerobacter aerogenes). 

8. Klebsiella pneumoniae (types A, B and 
usually C) is pathogenic for mice; whereas aero- 
bacter is not (J. Bact., 1941, 42:699). Make a 
1:1,000 dilution of an 18 hour broth culture and Fig. 209. Klebsiella pneumoniae. 
inject 1.0 ml. intra-abdominally. ee a tar aera 

9. By serologic tests the smooth encapsulated Ww. BR. Saunders Company.) 
bacilli are divisible into types A, B, C and a 
heterogeneous group X. The bacilli are placed in the coliform group because of 
morphologic and biochemical resemblances to E. coli. 

10. At the present time serum is 
available for the identification of types 
A and B by the Neufeld quellung method 
(A. 8. Aloe Co., St. Louis).-Dhe technic 
is the same as that described for the 
typing of pneumococci by the Neufeld 
quellung reaction. This is the only 
method for identification of these types. 


METHODS FOR THE IDENTIFICATION 
OF KLEBSIELLA RHINO- 
SCLEROMATIS 


1. The bacillus of rhinoscleroma 
(Klebsiella rhinoscleromatis) produces a 
chronic granuloma of the nose, mouth, 
pharynx and larynx; it is rare in the 
United States. 


Fig. 210. Bacillus of rhinoscleroma. 
Section of tissue showing the microérganisms 2. It is secured from biopsy material 


within Mikulicz cells. (After Frankel and Pfeiffer.) ¢yltured in broth or on plain or blood 


(From Smith and Martin, Zinsser’s Textbook of 
Bacteriology, 9th ed. Courtesy of Appleton-Cen- 
tury-Crofts, Inc.) 


agar. It is also found in the Mikulicz 
cells of stained sections of tissue (Fig. 
210). 

3. The bacillus is a plump, short rod, with rounded ends, morphologically and 
culturally very similar to K. pneumoniae. It is nonmotile, gram-negative and encap- 


sulated. 
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4. Serologically it is identical with type C of Kleb. pneumoniae. It has, however, 
little or no virulence for mice. 


METHODS FOR THE IDENTIFICATION OF KLEBSIELLA OZAENAE 


1. The etiology of ozena or atrophic rhinitis is uncertain. Klebsiella ozaenae (B. 
ozene) is of doubtful relation to the disease. 

2. Kleb. ozaenae is related to type C of Kleb. pneumoniae, but can be differentiated 
by serologic methods. It is pathogenic for mice. 

3. A klebsiella-like organism, not typing as types A or B of Kleb. pneumoniae and 
pathogenic for mice, may be considered tentatively as Kleb. ozaenae if it is isolated 
from clinical ozena which is an atrophic rhinitis characterized by a very foul, pene- 
trating odor. 


METHODS FOR THE IDENTIFICATION OF MALLEOMYCES MALLEI 


1. Malleomyces mallei (Bacillus mallei), which is the cause of glanders in horses, 
mules and occasionally in other lower animals, sometimes produces the disease in 
human beings whose occupation brings them in contact with diseased animals. 

2. Infection takes place by entrance through the broken skin and the mucosa of 
the mouth or nose. In man_ infection 
usually occurs through the skin. 

3. Inoculate exudate or ground-up 
biopsy material to blood agar plates and 
to a flask of blood culture medium con- 
taining glucose. Glycerol is stimulating to 
growth up to 3 per cent concentration. 

4, Direct smears are of but little value 
except for finding gram-negative bacilli. 

5. Incubate 24 to 48 hours. The col- 
onies at first are translucent and yellow, 
but later are more opaque. Prepare Gram 
stained smear. The morphology of the 
bacilli is highly variable and identifica- 
tion is not possible at this point. However, 
a suggestive finding is the highly variable 

staining response to Loeffler’s methylene 

(From Smith and Martin, Zinsser’s Textbook blue; some areas of a single bacillus may 

of Bacteriology, 9th ed. Courtesy of Appleton- . i 
Conte Crotiaine) be stained deeply, others faintly or not at 
all (Fig. 211). 

6. If specific antiserum is available, identify by agglutination using culture growth 
in formalinized saline as antigen (see Chapter 31). 

Strauss Test. This is perhaps the only method possible in most laboratories, and 
is conducted as follows: 

1. Inject intraperitoneally a male guinea pig with a small amount of suspected 


ig 


mare 


“i 


Fig. 211. Glanders bacillus. (After Zettnow). 


material. 
2. If M. mailei is present, an orchitis will develop in 3 to 4 days in about 60 to 70 
per cent of cases; in acute glanders positive results are much more likely than in chronic 
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glanders since the bacilli may become relatively avirulent. Similar lesions may be pro- 
duced by other organisms. 

3. As soon as the orchitis is well developed, destroy the animal and culture the 
testes as just described. If the animal is allowed to live, the testes will abscess and 
discharge. Lesions will also develop in the liver, spleen, pancreas and lungs. 


METHODS FOR THE IDENTIFICATION OF THE BRUCELLA 


1. Brucella melitensis infects goats, Brucella abortus infects cows and Brucella 
suis infects hogs. Man may become infected through the ingestion of milk from infected 
goats and cows or by contact with these animals. 

2. The three species are closely related. Laboratory diagnosis in man consists of 
(a) blood culture, (0) opsonocytophagic test (Chapter 31), (c) agglutination test 
(Chapter 31), and (d) animal inoculation. An allergic skin test is also employed 
(Chapter 35). 

3. The laboratory diagnosis of acute brucellosis is relatively simple as blood 
cultures are frequently positive. On the other hand, chronic brucellosis, even during 
mild exacerbations, presents a difficult problem. In spite of repeated examinations by 
the laboratory procedures just listed, it is often impossible to obtain conclusive 
evidence of infection. This is due in part to the fact that the ordinary type of ag- 
glutination test is negative in about 15 per cent of infected individuals. The explana- 
tion for this anomaly is suggested by the report of Griffitts (Pub. Health Rep., 
1947, 67:865) which appears to demonstrate the existence of “blocking” antibody in 
serum samples from some infected persons. The solution of this problem will be an 
important contribution to the laboratory study of brucellosis. At the present time, the 
only completely reliable basis for a positive diagnosis of brucella infection is demon- 
stration of the organism by blood culture or by guinea pig inoculation. 

4. For blood cultures use the Castafeda brucella medium (page 395). 

5. Good growths of brucella may be obtained in tryptose broth and on liver in- 
fusion agar, tryptose agar and trypticase soy agar. It is always advisable to use 10 
per cent CO, incubation, although only the abortus type requires it. 

6. On agar the colonies are small, translucent, smooth and gray. Smears show 
gram-negative coccobacilli. 

7. Identify by testing for agglutination by brucella antiserum, either single or 
polyvalent (A. S. Aloe Co., St. Louis). Suspend agar growth carefully in 0.5 per cent 
phenolized saline and place at 56° C. for one hour to destroy the cells. Use the macro- 
scopic test tube method (Chapter 31). Incubate 2 hours at 56° C. If negative, place in 
refrigerator overnight. 

8. The species may be identified by streaking liver infusion agar with thionin or 
basic fuchsin (Table 28). 

9. It is impossible to overemphasize the degree of caution needed by the laboratory 
worker in handling suspected brucella material and brucella cultures. This is probably 
the most common of the serious laboratory infections. The use of rubber gloves and 
a surgical mask is strongly urged. 

Animal Inoculation Test. 1. The organisms may be isolated from infected tissues, 
blood, urine or milk by inoculating 2 guinea pigs intra-abdominally. If pure cultures 
are used inject 1 ml. of a broth culture. If the animals do not die, kill them at the end 
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of 7 weeks and examine the lymphatic glands, liver and spleen for small grayish 
lesions resembling those of tuberculosis. 

2. Remove spleen and liver. Open with sterile scissors and make cultures on 
tryptose agar plates by rubbing cut surface over the medium. Also inoculate aerobic 
blood agar as a control. Then prepare smears and stain by the method of Gram. 
Incubate in 10 per cent CO,. Isolate and identify as just described. Br. melitensis and 
Br. suis are more infective for guinea pigs than Br. abortus. 

Examination of Cow’s Milk for Br. abortus. For technic see Chapter 23. 


TABLE 28. 


Growth in Presence of 


CO. Required 


pee for Isolation ae 
Basic Fuchsin Thionin 
Br. abortus ar sete te i 
Br. melitensis — hice +--+ 
Br. suis 


METHODS FOR THE IDENTIFICATION OF MYCOBACTERIUM 
TUBERCULOSIS 


Principles. 1. The Mycobacteria consist of two species infective for man, M wo- 
bacterium tuberculosis and Mycobacterium leprae, several pathogenic species for the 
lower animals and birds, and a number of saprophytic species. Since the leprosy bacillus 
cannot be cultivated, laboratory diagnosis of human infections consists of detecting 
acid-fast bacilli in stained smears. In human tuberculosis a special staining procedure, 
special culture methods and animal inoculation tests are employed. If acid-fast bacilli 
are found, the next step is determining whether they are virulent tubercle bacilli or 
saprophytes. There are three types of Myco. tuberculosis, human, bovine and avian. 
The human type accounts for all but an occasional human infection. 

2. Methods for the bacteriologic diagnosis of tuberculosis of human beings include 
the examination of sputa, exudates or transudates, biopsied tissues, urine, gastric con- 
tents, cerebrospinal, pleural and other fluids for Myco. tuberculosis. 

3. The bacilli are characteristically acid-fast, but in cultures nonacid-fast forms 
may be encountered. 

4. Human tubercle bacilli occur as slender, straight or slightly curved rods, singly 
or in small clumps with the organisms at angles to each other. They may stain evenly 
or show granular and banded form (Plate XVIII). They are nonmotile, nonsporu- 
lating and nonencapsulated. 

5. Bovine tubercle bacilli (Plate XVIII) are shorter and more plump, and very 
short forms may be intermixed with somewhat larger forms. They stain irregularly 
but are, likewise, acid-fast. They are inhibited by high concentrations (more than 
0.75 per cent) of glycerol and are characterized by being more pathogenic than human 
bacilli for rabbits. 

6. The tubercle bacillus grows slowly, the rate depending upon the medium 


PLATE XVIII 


1. Tuberculous lymph node “giant cell” containing tubercle bacilli “human type.” Bacilli ar 
red, rest of specimen, blue. Ziehl-Neelsen stain. 1000 diameters. 

2. Tuberculous sputum from human case, Stain same as above. * 1000 diameters. 

3. Tuberculous sputum; human case. Stained by Herrmann’s method. Tubercle bacilli are violet 


rest of specimen, brown. 
4. Pus from tuberculous abscess in cow, “bovine type” of bacillus. Stained same as 1 and 2. 


x 1000 diameters. 
5. Section through leprous skin showing bacilli in clumps in and out of cells, and large “leprous 


cell” containing a ball of bacilli. Stained by Ziehl-Neelsen method. 
6. Photograph of human type of tubercle bacilli from sputum. Bacilli are red, rest of specimen 


blue. & 1000 diameters. (Frankel and Pfeiffer.) 
(From Park, Williams and Krumwiede, Pathogenic Microdrganisms. Courtesy of Lea anc 


Febiger Company.) 
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employed. The colonies are ordinarily crumb-like, irregular, moist and later dry, 
yellowish-brown and with a characteristic odor. The bacilli are aerobic and in glycerol- 
broth tend to grow on the surface as a wrinkled pellicle with no turbidity and a slight 
granular sediment. 

7. The tubercle bacillus is more resistant than other nonsporulating organisms 
to the bactericidal action of strong acids and alkalies. Therefore, specimens containing 
other bacteria, as well as Myco. tuberculosis, may be selectively freed of living non- 
acid-fast bacteria by proper application of these agents. 

8. Sputum and body fluids from early or minimal tuberculosis characteristically 
contain very few tubercle bacilli. In order to avoid a “needle in the haystack” situa- 
tion, such specimens are (a) centrifuged, (b) treated with a flocculating agent such 
as potassium alum, (c) subjected to the picking out of purulent necrotic portions from 
the rest of the specimen, as with sputum, or (d) otherwise concentrated to increase 
the probability of positive results. 

Identification by Smear Examination. 1. The detection of acid-fast bacilli in a 
Ziehl-Neelsen smear does not always establish the presence of Myco. tuberculosis. 
There is no microscopic method for distinguishing it from saprophytic varieties such 
as Myco. smegmatis, Myco. phlei (timothy bacillus) or Myco. butyricum (butter 
bacillus). The various differential staining methods, such as that of Pappenheim for 
Myco. smegmatis, are not reliable. 

2. Naturally, a positive acid-fast smear from a suspected case of tuberculosis is 
strong supportive evidence, but still should be reported as “positive for acid-fast 
bacilli,” and not “positive for tubercle bacilli.” 

3. The finding of a single acid-fast bacillus in an entire smear is difficult to inter- 
pret. It is recommended in such a circumstance that the report be considered tenta- 
tive until confirmed with repeated specimens. 

4. No less an authority than Holm in Denmark believes that an acid-fast smear 
should be considered negative if less than 10 bacilli are present. However, until con- 
vincing supportive evidence is at hand, it would seem logical to assume that a single 
acid-fast bacillus is just as significant as 10 from the point of view of establishing 
diagnosis. 

5. Smear examination is a poor substitute for culture. It has been estimated by 
Cummings (Am. J. Pub. Health, 1949, 39:361) that 100,000 bacilli per ml. of sputum 
must be present before their detection in smears is likely. 

6. The preparation of specimens for smear examination differs somewhat with the 
nature of the specimen. The reader is referred to the sections on Bacteriologic Examina- 
tion of Sputum, of Urine and of Cerebrospinal Fluid. 

7. The relative value of direct smears vs. postdigestion-centrifugation smears of 
sputum, is now open to question. The Tuberculosis Evaluation Laboratory, Com- 
municable Disease Center, U.S. Public Health Service, Atlanta, Georgia is now of the 
opinion that direct smears of caseous flecks selected from a sample of sputum yield 
more positive results than those following digestion and centrifugation. It is recom- 
mended that both direct and concentration smears be prepared. 

8. Make thin smears. 

9. Never attempt a direct smear diagnosis of spinal fluid, urine, gastric washings 
or other body fluids. Centrifugation at 3,000 r.p.m. for 15 minutes should be a routine 
procedure. 
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10. The Gaffky scheme of rating positive smears has little value with direct smears 


and is not applicable to centrifuged specimens. As a matter of record, however, it is as 
follows: 


No. 1, only 1 to 4 in whole preparation. 

No. 2, only 1 bacillus on an average in many fields. 

No. 3, only 1 bacillus on an average in each field. 

No. 4, about 2 to 3 bacilli on an average in each field. 

No. 5, about 4 to 6 bacilli on an average in each field. 

No. 6, about 7 to 12 bacilli on an average in each field. 
No. 7, about 13 to 25 bacilli on an average in each field. 
No. 8, about 50 bacilli on an average in each field. 

No. 9, about 100 or more bacilli on an average in each field. 
No. 10, enormous numbers in each field. 


11. Accurate smear examination for tubercle bacilli requires patience and close at- 
tention. A good working rule is to cross the slide 4 times lengthwise or 7 times crosswise. 
This should take the partially trained worker 10 minutes and the skilled 5 minutes. 

12. The following are sources of error: (a) scratches in the slides retaining the 
carbolfuchsin stain, (b) incomplete decolorization, (c) the presence of tubercle bacilli 
in the carbolfuchsin stain if the stain has been repeatedly used, (d) the presence of 
acid-fast bacilli in stale distilled water or containers, (e) wood fibers, food particles 
and crystals retaining the carbolfuchsin stain. 

Detection of Tubercle Bacilli in Feces by Smear Examination. 1. Make thin 
smear of feces on slide or coverglass; if blood or mucus is present in the feces, this 
will be more apt to contain bacilli. 

2. Dry in air, fix, and stain for acid-fast bacilli. 

3. The concentration methods are a great aid and may be conducted in the same 
manner as for the examination of sputum. 

4. Petroff recommends diluting the stool with 2 volumes of water, stirring and 
filtering to remove the coarse particles. The liquid stool is then saturated with sodium 
chloride crystals and allowed to stand at room temperature for several hours. Collect 
the scum with a sterile spoon and place in a wide-mouthed bottle. Add 2 volumes of 
normal sodium hydroxide, shake well and incubate at 37° C. for 1 to 2 hours. Centri- 
fuge and decant the supernatant fluid. To the sediment add 3 to 4 drops of normal 
hydrochloric acid for neutralization. Alkacid paper (page 368) is convenient and satis- 
factory. One part may be cultured, another part used for guinea pig inoculation and a 
third part for making smears to be stained by the usual methods. 

Concentration Methods. 1. As the term is ordinarily applied, these include two 
separate steps, (a) digestion of mucus with alkali which also destroys most non- 
sporulating organisms, and (0) centrifugation. 

2. Sputum must be digested if cultures are to be made, and it must be centri- 
fuged to reduce the volume. 

3. Clear body fluids need only to be centrifuged. However, the centrifugation must 
be fast enough to throw down the bacteria. Do not use less than 3,000 r.p.m. for 15 
minutes. 

4. Gastric washings and urine grossly contaminated with bacteria are first centri- 
fuged. Then the pooled sediments are treated with acid or alkali and again centrifuged. 

5. Several chemical methods are available for digestion. MacNabb (Am. J. Pub. 
- Health, 1936, 26:619) prefers a 3 per cent solution of concentrated hydrochloric acid 
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in equal volume and a drop of bromcresol purple as indicator. Hanks and others (J. 
Lab. & Clin. Med., 1938, 23:736) recommend a 4 per cent solution of sodium 
hydroxide and the addition of 5 per cent potassium alum in the ratio of 2 ml. to 5 
ml. of sputum and 5 ml. of 3 per cent hydrochloric acid. Our own preference is the use 
of 4 per cent sodium hydroxide alone in 2 to 3 times the volume of sediment (or 
caseous flecks of sputum). 

6. The period of digestion varies with the method used. The HCl methods call for 
2 hours at room temperature. When using NaOH place in a 37° C. water bath for 15 
minutes or a 37° C. incubator for 20 to 30 minutes. With both methods the specimen 
should be contained in a rubber-stoppered test tube and shaken every 5 minutes. 

7. After digestion the tubercle bacilli are concentrated by centrifugation at 3,000 
r.p.m. for 15 minutes. 

8. Neutralize with 4 per cent NaOH if the MacNabb method is used, and with 
2 N HC] for the alkali procedure. We prefer to test for neutrality with Alkacid paper. 
Several strips are placed in a petri plate and a drop of the specimen is allowed to fall 
on the paper from the sterile applicator stick being used for mixing the specimen. The 
petri plate is covered when not in use and autoclaved for decontamination. After use 
the applicator sticks are placed in 20 per cent formalin solution for disposal. 

9. The neutralized sediment may be used for (a) a concentration smear, (0) cul- 
ture, (Cc) guinea pig inoculation. 

10. Corper (Am. J. Clin. Path., 1948, 18:303) has recently reported excellent re- 
sults using trisodium phosphate for preliminary treatment. Although we have not used 
this method extensively, we have not achieved sufficiently satisfactory results to sub- 
stitute it for the method just described. 

Culture Methods. 1. The growth requirements of Myco. tuberculosis are rela- 
tively simple as has been demonstrated by Dubos and co-workers (J. Exper. Med., 
1948, 88:81, et ante), and by Youmans (J. Bact., 1948, 56:253). 

2. On the other hand, the tubercle bacillus is exceedingly fastidious in that traces 
of certain substances inhibit growth from small inocula. An example is the inhibitory 
effect of free fatty acids as shown by Davis and Dubos (J. Bact., 1948, 55:11). 

3. Of the many culture media suggested for the isolation of tubercle bacilli 
Petragnani’s and the Jensen modification of Lowenstein’s have been most widely ac- 
cepted (Chapter 19). For the best results, however, it is essential that the details for 
preparation be rigidly followed. The number of contaminated cultures will be very 
small if the semi-aseptic procedures are used. The importance of inspissation rather 
than autoclaving is suggested by the work of Cummings and others. (U. S. Pub. Health 
Rep., 1948, 63:1305) who found that the higher temperature liberates ether-soluble 
acid which inhibits growth. 

4. It is strongly recommended that each specimen be inoculated to 2 slants of the 
Petragnani and to 2 slants of the Lowenstein-Jensen media. The number of positive 
cultures is significantly increased by use of multiple cultures. 

5. The method of inoculation is important. Make Pasteur pipets by drawing out 
glass tubing in a flame. Plug the large end loosely with cotton and sterilize in the dry 
air oven. They may be packaged or placed in a metal can. Before use place a rubber 
bulb over the large end. Draw up about 0.4 ml. of inoculum and drop about 0.1 ml. 
into each culture tube. Pour off condensation water from culture tube before inocula- 
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tion. Dispose of the pipet by placing it in a tube of 20 per cent formalin or Bard- 
Parker germicidal solution. After autoclaving, they may be cleaned and used again. 

6. Dispense the medium in plastic screw-capped vials available from any supply 
house. Although expensive, they are very satisfactory. Rubber- or cork-stoppered test 
tubes can be employed satisfactorily if handled properly. 

7. The rapidity of growth and colony appearance are influenced by the nature of 
the stopper used. Rubber stoppers cause retardation of growth, possibly by a toxic 
action, and the development of smooth, moist colonies. Cork stoppers often permit 
drying of the medium and are difficult to sterilize; mold contamination is common. 
Plastic screw caps have certain effects similar to 
those of rubber but produce better growths. 

8. When using either screw caps or rubber 
stoppers, it is essential to loosen them for a few 
seconds at weekly intervals. Presumably this 
allows oxygenation and some reduction in mois- 
ture content. At any event, the characteristic 
rough, pigmented colonies appear in 14 to 30 
days. 

9. As soon as growth appears, smears should 
be examined for acid-fast bacilli. Young colonies 
are small, frequently smooth and glistening, and 
often devoid of the typical cream color. It may 
be difficult at this time to decide whether one is 
dealing with tubercle bacilli or a saprophytic 
acid-fast organism. Further incubation will usu- 
ally produce typical colonies (Fig. 212). 

10. A final negative report should not be sub- 
mitted before 3 months’ incubation although very 


few cultures actually become positive aiter 6 Fig. 212. Mycobacterium tuberculosis. 
weeks. Rough colonies of the human type. 


‘ (Grown by Steenken and photographed 
11. GrowTH IN SyNntTHETIC Mep1A. Rapid by Kurung.) (From Smith and Martin, 


and diffuse growth of virulent tubercle bacilli  Zinsser’s Textbook of Bacteriology, 9th 
may be obtained in Tween-albumin medium eee es of Appleton-Century- 
(page 398) and in Youman’s modification of the Ty 
Proskauer-Beck medium (page 399). These technical advances are extremely signifi- 
cant. But at the present time the use of such media, fluid or solid, can be recommended 
for primary solution only when the specimen is free of other types of microorganisms. 
See Cummings (Am. J. Pub. Health, 1949, 39:361) for a discussion of this subject. 
Recognition of Saprophytic Acid-fast Bacilli. 1. Colonies of nonpathogenic acid- 
fast bacilli are usually pigmented, varying from bright to deep yellow to salmon pink. 
2. In general terms growths are rapid and well developed within 7 days. Un- 
fortunately, however, this is not true of all strains and delayed growth (14 days or 
longer) is not sufficient to rule out a saprophyte. 
3. The colonies are usually soft and smooth. 
4. Upon subculture most strains grow readily at room temperature, whereas human 


tubercle bacilli require 37° C. 
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5. Final identification depends upon the results of virulence tests in guinea pigs. 

Animal Inoculation Test. 1. This is employed for (a) detection of tubercle 
bacilli in specimens, and (0) testing the virulence of cultures. 

2. The preparation of specimens for animal inoculation has already been described. 

3. Use guinea pigs weighing approximately 250 gm. It is recommended that all 
pigs be tuberculin tested before inoculation. Prepare an Old Tuberculin (O.T.) solu- 
tion containing 10 mg. per ml. Store in the refrigerator and make fresh solution every 
month. Inject 0.1. ml. intracutaneously in a shaven flank area. Observe at 48 to 72 
hours for induration. If none is observed, the animal may be used. 

4. In the case of specimens inject 1 ml. of sediment either in the muscles of the 
thigh or intra-abdominally. Wipe off the injection area with cotton soaked in 20 per 
cent formalin. Wear rubber gloves, gown and surgical mask. 

5. After 3 weeks perform a repeat tuberculin test and record weight. If there is an 
area of induration 5 mm. or more in diameter, the test is positive. Do not autopsy at 
this time if the corresponding cultures are negative. If a progressive weight loss occurs, 
sacrifice the animal after 2 or 3 more weeks and perform autopsy. 

6. In testing the virulence of cultures pour about 1 gm. of sterile sand and 2 ml. 
of sterile saline into a sterile mortar. With a flamed loop pick up 1 large or 2 small 
colonies and add to the sand-saline. Emulsify the organisms with a sterile pestle. Pour 
off the suspension into a sterile petri plate. Holding this at an angle draw 1 ml. of the 
supernate up into a 2 ml. syringe with a 22 gauge needle and add to 9 ml. of saline. 
Use 1 ml. of this 1:10 dilution as the inoculum. Proceed as in step 3. Perform repeat 
tuberculin test after 3 weeks, but do not sacrifice animal unless it becomes definitely 
cachectic, or remains well for 3 months. 

7. When guinea pigs are autopsied wear rubber gloves and a gown. Examine for 
enlarged and caseous lymph glands, gross yellow lesions in the kidneys, adrenals, 
spleen, liver, omentum and lungs. When found, they should be cut through and contact 
smears made on clean slides. Stain and examine for acid-fast bacilli. Place generous 
tissue slices in a bottle of 10 per cent formalin for histologic study, especially in the 
absence of gross lesions. It is important to include lymph glands at the area of injection 
for histologic examination. 

Culture vs. Guinea Pig Inoculation Tests for Primary Isolation. 1. With the 
exceptions of gastric washings and urine, the culture technic is as efficient as animal 
inoculation for diagnostic purposes. Acid-fast saprophytes are often found in cultures 
from urine and gastric washings but are screened out by the guinea pig. 

2. The culture method is more economical. 

3. Guinea pigs may die of intercurrent infections and vary in resistance to infec- 
tion. 

4. Guinea pigs, however, separate virulent from saprophytic acid-fast bacilli which 
is not always true of cultures. 

5. Under the circumstances the ideal procedure is to use both methods. 

Typing of Tubercle Bacilli. 1. The great majority of isolations from human 
material are human tubercle bacilli. 

2. It is rarely necessary to determine whether one is dealing with a bovine or 
avian strain. 

3. Both Petragnani and Lowenstein-Jensen media support the growth of all three 


types. 
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4. Although bovine bacilli are generally shorter and thicker than the human type, 
this is not a reliable difference. The growth characteristics and virulence for the rabbit 
are more helpful (Table 29). 


TABLE 29. DIFFERENTIATION OF TUBERCLE BACILLI. 


Growth Optimal Pathogenicit 
Gp p € g Mf 
Boe (Days) Colony Temperature | for the Rabbit 
14-30 Medium to large, dry, friable,} 37-38° C. te 
rough, cream color. 
25-40 Tiny, pale, smooth, cone- 37-38° C. Staite 
shaped. 
14-21 Small, smooth, pale yellow to 40-41° C. Gigaset 


pink, convex. 


5. Raspit INOCULATION. Remove culture growth to sterile filter paper using a wire 
loop. Weigh on a fine balance. Transfer to a sterile mortar and add 2 ml. of sterile 
physiologic saline. Grind and remove suspension to a sterile tube with a rubber bulb 
and pipet. Add more saline to rinse out mortar. Continue until the total volume of 
saline will give a concentration of about 0.1 mg. of bacilli per ml. and make a 1:10 
dilution (about 0.01 mg. per ml.). Select 2 rabbits weighing 314 to 4 lbs. Inject one 
intravenously with 1 ml. of the 0.1 mg. per ml. suspension, and the other with 1 ml. 
of the diluted suspension. Weigh the animals at the time of injection and at death. 
Autopsy the surviving animals after 8 weeks. The bovine and avian types will kill a 
rabbit in about 2 months with extensive pulmonary lesions. The human type will not 
kill but may show a few small healed lesions in the lungs. 


METHODS FOR THE IDENTIFICATION OF MYCOBACTERIUM LEPRAE 


1. Leprosy is caused by Mycobacterium leprae and is detected by the examination 
of smears or sections of nodules stained by acid-fast technic. Neither cultures nor 
animal inoculations are of any aid in laboratory diagnosis. 

2. Since the initial lesion is often an ulcer of the mucosa of the nose, prepare 
smears and stain by the method of Ziehl-Neelsen. If desirable, the patient may be 
given 60 grains of potassium iodide beforehand to produce coryza and increase the 
nasal secretions. Saprophytic acid-fast bacilli may be mistaken for Myco. leprae. 

3. Prepare smears of a skin lesion with a safety razor blade or scalpel and stain by 
method of Ziehl-Neelsen. 

4. If possible remove a portion of lesion by biopsy and place in 4 per cent for- 
malin. Prepare paraffin sections and stain for acid-fast bacilli. 

5. Myco. leprae are acid-fast (Plate XVIII). They are rather long, slender and 
usually straight with pointed ends. Decolorization should not be carried too far as 
they are more easily decolorized than Myco. tuberculosis. 

6. In nasal smears the bacilli are apt to be packed in cells (lepra cells) while in 
sections of nodules they are found chiefly in the skin, packed in characteristic lepra 
cells (foam cells) and in the endothelium lining the lymphatics. 

7. Lepra bacilli are rarely demonstrable in the anesthetic type of nerve leprosy. 
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METHODS FOR THE IDENTIFICATION OF INTESTINAL 
GRAM-NEGATIVE BACILLI 


1. As much as one third of the dry weight of feces is composed of bacteria. 

2. This myriad of microorganisms is made up of many types, but gram-negative 
bacilli predominate. Of these the most numerous are coliform bacilli and the strictly 
anaerobic bacteroides. 

3. Special methods are required for the detection of particular types. These pro- 
cedures involve the use of enrichment, differential and selective media previously dis- 
cussed under Methods for Examinations of the Feces. 

4. The most important groups are as follows: 


Coliform bacilli (Escherichia and Aerobacter) 
Paracolon bacilli 

Salmonella (typhoid and paratyphoid bacilli) 
Shigella (dysentery bacilli) 

Proteus 

Alcaligenes faecalis 

Pseudomonas 

Bacteroides (anaerobic) 


5. The schema in Table 30 shows the primary division of these bacilli. 

6. Coliform bacilli, bacteroides and pseudomonas are normal inhabitants of the 
bowel and must be differentiated from the pathogenic groups. Since the bacteroides 
are anaerobic and the pseudomonas relatively uncommon, the problem is primarily 
the separation of lactose-positive (coliform) bacilli from the lactose-negative bacilli. 


METHODS FOR THE IDENTIFICATION OF COLIFORM BACILLI 


1. Recognition of coliform bacilli in fecal cultures is easily made on differentia! 
agar plates, such as Levine’s E.M.B. medium, on which the colonies show dark centers 
and, with reflected light, a greenish metallic sheen. Aerobacter colonies are also colored 
but are lighter than those of EZ. coli and rarely have a sheen. 

2. Coliform bacilli are commonly encountered in cultures of urine and bile, of 
urethral and cervical swabs, wounds, and the exudates of peritonitis. 

3. On blood agar they produce large, gray, smooth, opaque colonies with or with- 
out hemolysis, and have a characteristic semifecal odor. 

4. Growth occurs readily and rapidly in even the simplest of culture media. 

5. Microscopically they can not be distinguished from other enteric gram-negative 
bacilli. 

6. Carefully pick a single colony to lactose broth for confirmation. 

7. Separation of escherichia and aerobacter is as follows: 


Escherichia Aerobacter 
Methy] red test + a 
Voges-Proskauer test as ab 
Growth 
in Koser’s citrate broth = =k 
on Simmon’s citrate agar = = 
in Sodium malonate broth ao ue 


Indol production - = 


SN94Odg 


| 


+ 


DYGUOUWIDS 
asvoin 
psoyga} “Ss DIasIysS A ES LH EI SO ER 
+ = a i 
SpUuoUWopNas J Avgsip DIASIYS 
aes sauasyvoy HELIO te a eee 
a} CUOTLUL 
DV Vv = i CVV. gPaE tak 
gsoon[sy MOS pidey 
(W)OV 
sapio4ajovg 
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8. It is convenient to use the IMVIC formula by which is meant indol production, 
methyl red test, Voges-Proskauer test and utilization of citrate as the sole source of 
carbon in the order named. Thus, escherichia has the formula + -+- — —; aerobacter 
——-t +. Other combinations also occur and these organisms are designated as coli- 
form intermediates. The media required are described in Chapter 19 and the methods 
in Chapter 20. 


METHODS FOR THE IDENTIFICATION OF PARACOLON BACILLI 


1. The paracolon bacilli are, as the name implies, related to the coliform bacilli. 
The difference lies in the inability of the paracolon bacilli to ferment lactose promptly. 
Some strains are actually lactose-negative. Furthermore, gas production from lactose, 
and from other carbohydrates, may be absent; such strains are called “anaerogenic.” 

2. Paracolon bacilli constitute a heterogeneous collection of organisms intermediate 
between the coliform bacilli on one hand and salmonella-shigella-proteus organisms 
on the other. 

3. Many paracolon bacilli are closely related to coliform bacilli, differing only in 
the delayed fermentation of lactose. These are the “aberrant coliform bacilli,” and 
may be classified according to the IMVIC formula as (@) paracolon-escherichia type, 
(6) paracolon-aerobacter type, or (c) paracolon-intermediate type. The significance 
is probably the same as that of the corresponding coliform bacillus. In fact, many 
paracolon bacilli of the aberrant coliform variety quickly acquire, upon subculture, 
the ability to ferment lactose promptly, and thereby become ordinary coliform bacilli. 
Motility may be present or absent. 

E. coli-mutabile is a paracolon bacillus of the type just described, and is recognized 
by the appearance after 2 or more days on E.M.B. agar of dark purple papillae. These 
are composed of lactose-fermenting bacilli, whereas the colorless parent colony contains 
lactose-negative organisms. 

A practical method for detecting this variety of paracolon bacillus is that of 
Schaub (Bull, Johns Hopkins Hosp., 1948, 83:367). This simple procedure consists in 
streaking S.S. agar with one loopful of a dilute inoculum (one loopful in 10 ml. of 
broth) of the unknown. Being so similar to coliform bacilli growth is inhibited, whereas 
salmonella-shigella-proteus grow well. 

4. The remaining paracolon bacilli are less obviously related to coliform bacilli 
and actually seem to be more closely related to the salmonella, shigella or proteus. 
They may be termed para-salmonella, para-shigella and para-proteus. Most strains 
will ferment lactose in time and under proper conditions; but some do not. Under the 
circumstances it is necessary to employ methods for exclusion of salmonella-shigella- 
proteus such as the fermentation of sucrose or salicin, and liquefaction of gelatin. 
Failure to obtain a serologic typing for salmonella or shigella is strong evidence for 
paracolon bacilli. These strains are usually motile. With the S.S. agar technic of 
Schaub they behave like the salmonella-shigella-proteus group. 

5. Paracolon bacilli of the second variety may produce acid and gas from glucose 
as do the salmonella, or only acid as the shigella, or produce urease as does proteus. 

6. The identification of paracolon bacilli, therefore, is based upon the following: 

(a) Demonstration of lactose fermentation for which rapid fermentation broth 
(page 393) is recommended. 

(6) Demonstration of some biologic property not found in the most closely re- 
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lated group. For example, an organism which produces acid and gas in glucose may be 
salmonella, proteus or a paracolon bacillus. If urease production is absent, proteus is 
excluded. Then test for the fermentation of sucrose and salicin, indol production and 
gelatin liquefaction. If any one of these is positive, the organism may be considered a 
paracolon bacillus. 

(c) Failure to obtain serologic typing for salmonella and shigella. 

7. The following media may be employed: 

Lactose broth, 0.5 per cent (preliminary) 

Rapid fermentation broth with 4 per cent glucose 
Rapid fermentation broth with 4 per cent sucrose 
Rapid fermentation broth with 4 per cent salicin 
A.A.S.S. agar 

Christensen’s urea medium 

The rapid fermentation broth tubes must be inoculated very heavily (0.2 ml. of 
a heavy suspension) to produce satisfactory results. EZ. coli is positive for lactose in 
20 to 30 minutes when properly tested. 

8. Shigella sonnei and Shigella dispar may be considered paracolon bacilli because 
they ferment sucrose and lactose (slowly). In the usual process of diagnostic work, 
however, they will first be identified as a paradysentery bacillus since they ferment 
mannitol. But when it is observed that lactose is fermented, the identification becomes 
obvious. Serologic typing will, of course, establish Shig. sonnei without delay. 


METHODS FOR THE IDENTIFICATION OF SALMONELLA AND 
SHIGELLA BACILLI 


1. Shigella are rarely encountered except in feces. Salmonella, however, may also 
be found in cultures of bile, blood, urine, abscesses and cerebrospinal fluid. 

2. The typhoid bacillus is considered as a salmonella, differing from most para- 
typhoid bacilli only in its inability to produce gas from carbohydrates. 

3. The microscopic appearance in stained smears is of no help except to establish 
the unknown organism as a gram-negative bacillus. 

4. On E.M.B., desoxycholate citrate and S.S. agars the colonies are colorless. On 
blood agar they are smooth, gray, and opaque. S. typhosa and H.S-positive salmonella 
colonies will be black on bismuth sulfite agar. 

5. Inoculate to lactose broth to verify the lactose-negative character. As soon as 
turbidity develops (3 to 5 hours) inoculate the following: 

Motility medium 

Urea broth 

Glucose broth 

Sucrose broth 

Broth for indol production 
Russell’s double sugar agar 
Lead acetate agar 

6. Incubate overnight. Examine motility medium for diffusion of growth indicating 
motility. If motile, examine the glucose broth tube. If acid and gas are present, the 
possibilities are: salmonella, proteus and paracolon bacilli. Examine the urea medium 
tube. A pink or red color is positive and establishes proteus bacilli. If the urease test 
is negative, perform an indol test and examine sucrose broth. If either one is positive, 
or if the 48 hour lactose tube is positive, the organism is a paracolon bacillus. If none 
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of these is positive, and especially if the lead acetate agar tube shows blackening, 
suspect salmonella bacilli. 

7. If the motile strain produces only acid in glucose, suspect S. typhosa, particu- 
larly if it is sucrose, indol and urease negative, but positive for H.S. 

8. A motile organism which does not ferment glucose at all should be Alcaligenes 
faecalis or Pseudomonas aeruginosa. Inoculate B.C.P. milk which will turn alkaline. 
Pseudomonas aeruginosa will be detected by this time because of its characteristic 
pigments and by the odor of trimethylamine. 

9. If there is no evidence of motility, suspect shigella, although paracolon is a 
possibility. Glucose broth should be acid but without gas. The urease and H.S tests 
should be negative. Sucrose will be negative except with Shig. sonnei and Shig. dispar. 

10. The best method for identification of salmonella and shigella is serologic 
typing. Inoculate a slant of infusion tryptose or trypticase soy agar and, if the organ- 
ism may be a salmonella, incubate one tube of broth of similar composition as a control. 
Incubate these overnight and carry out the typing procedure or submit the cultures to 
a laboratory prepared to conduct them. 

Serologic Identification of Salmonella. 1. The salmonella group of bacilli con- 
tains at the present time about 200 different types. In general terms it is of but little 
assistance to the physician to know the exact type producing infection. But the diag- 
nostic laboratory should use the most rapid method possible to determine that a 
suspected gram-negative bacillus is actually a member of the salmonella group. That 
method is serologic typing. 

2. Identification of types is made by agglutination tests employing group sera. 
Paratyphoid bacilli are divided by their somatic (O) antigens into 10 groups. Antigens 
and antisera for S. paratyphi A, S. paratyphi B and S. typhosa are available from the 
Lederle Laboratories, Pearl River, New York, and the A. S. Aloe Co., St. Louis 3, 
Missouri. Seligmann (J. Immunol., 1945, 50:191) has suggested that these be pooled 
to make a single polyvalent antiserum. Kaufmann and Edwards (J. Lab. & Clin. Med., 
1947, 32:548) found that a polyvalent group A-E antiserum would agglutinate 97 
to 99 per cent of all human and animal salmonella. 

As previously stated, antigens and antisera for all of the first 5 groups are not 
commercially available. The types and corresponding O antigens actually required 
for the preparation of type-specific antisera are as follows: 


GROUP TYPE O ANTIGENS 
A S. paratyphi A ie AS. OCI 
B Sporetypia B Rane yx 

S. thompson VI, VII } 
@ and 
S. newport VI, VIII 
S. gallinarum Te IX, XID 
1 or 
S. typhosa IDS DNs) 
- S. anatum “TIL X a 
E and 


S. newington Ili, XV 
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Antigens and antisera for groups A, B and D may be purchased. Antigens and 
antisera for groups C and E, however, must be prepared. Cultures may be obtained 
from the Salmonella Section, Communicable Disease Center, U. S. Public Health 
Service, Atlanta, Georgia. 

If the pooled serum mentioned earlier is to be used, prepare antigens of S. thomp- 
son, S. newport, S. anatum and S. newington. Do this by growing the cultures separately 
on agar slants for 24 hours. Prepare O antigens of each according to the method 
described in Chapter 31. Combine these in equal quantities and prepare antisera by 
the immunization of rabbits. If separate C and E sera are to be employed, combine 
only the 2 antigens in each group and proceed with the immunization of rabbits. 

3. The following technic may be employed: 

(a) Wash off the growth from a 24-hour infusion or tryptose agar slant with 1.0 
ml. of 0.5 per cent phenolized saline. Place in 37° C. water bath (50 to 55° C. is 
better) for 20 minutes to hasten killing. 

(6) Prepare a permanent flat glass plate about 12 by 8 inches, the surface of 
which has been cut into one-inch squares with a diamond point pencil. 

(c) Place a small drop of the serum in each square to be used. Each serum must 
have been standardized previously against the homologous antigen. This is done by 
preparing 10-fold dilutions of the serum in saline and determining the highest dilution 
which will produce complete agglutination in a few seconds. 

(d) Add a small drop of antigen beside the drop and mix well with a wooden 
applicator stick. 

(e) With good light observe for agglutination. 

Table 31 shows the principal group of the salmonella bacilli and the types most 
frequently encountered in human beings. 


TABLE 31. SALMONELLA GROUPS. 


Most Common Species 


O Antigens 


. paratyphi A (rare in the U. S.) 


i UWE OX 


. paratyphi B 
_ typhimurium 


Te VENTE 
Teles Vee LL 


. paratyphi C 
. choleraesuis 
. montevideo 
. oramenburg 


+ WAUL Wl 
eV LT 
I, VII 
I, VII 


. typhosa 
». enteritidis 
. panama 


1x, SC WA 
IDES SUL 
II, IDS) UIE 


. anatum 
. senftenberg 


sUUL, xe 
IE SODE DDE 


Serologic identification of the salmonella can also be made by the usual macroscopic 
agglutination tube method using type-specific antisera. Typhoid, paratyphoid A and 
paratyphoid B antisera are available commercially. In order that the tests be inclusive, 
however, members of groups C and E should be included. 
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Biochemical Identification of Salmonella Bacilli. For practical purposes it is 
necessary only to establish the fact that one is dealing with a salmonella bacillus. 
Consult Table 30 for details. 

Pathogenicity of Salmonella. 1. Salmonella cause 2 distinct types of infection: 
(a) typhoid fever and the clinically indistinguishable paratyphoid fever and (0) 
salmonella gastro-enteritis. 

2. Salmonella occur not only in man but in the lower animals as well (including 
birds). Human beings may be infected with the salmonella of the lower animals 
through the contamination of foods and water, but it is likely that most infections are 
due to bacilli of human origin. 

3. Salmonella infections may occur Seporanicalte in epidemics or in carriers with- 
out symptoms. Most epidemics are food-borne. Persistent convalescent carriers and 
unrecognized cases are the most important sources of infection. 

4. Paratyphoid fever is most often caused by S. typhimurium, S. paratyphi B, S. 
paratyphi C and S. choleraesuis. 

5. About 60 per cent of salmonellosis is gastro-enteritis, due most frequently to S. 
typhimurium, S. enteritidis, S. montevideo, S. oranienburg, S. choleraesuis, S. panama, 
S. senftenberg and S. anatum. 

6. When investigating an outbreak of food poisoning: (a) secure leftover portions 
of the suspected food, pack in ice and examine as soon as possible; (5) obtain speci- 
mens of vomitus and feces for bacteriologic examinations and samples of patient’s 
setum for agglutination tests; (c) try to determine the source of the food and secure 
feces for bacteriologic examination and blood for agglutination tests from the handlers, 
especially cooks, suspected as carriers; (d) collect specimens of blood, spleen, liver 
and intestines from fatal cases for bacteriologic examinations. 

Serologic Identification of Shigella. 1. About 45 types of shigella bacilli have 
been described up to the present time. 

2. Adequate identification of the shigella bacilli requires specific antisera for Shig. 
paradysenteriae (Flexner) (types V, W, Z, Boyd 103, Boyd P 119, Boyd 88), Shig. 
sonnei, Shig. dysenteriae (Shiga) and Shig. alkalescens. Shig. alkalescens antigen may 
fail to agglutinate unless it is first boiled for 10 minutes. 

3. The Army Medical School developed shigella typing sera during World War IT 
which are employed in a manner similar to that for the typing of the salmonella 
bacilli. Nineteen sera representing the most important types are available commer- 
cially (Lederle Laboratories, Pearl River, N. Y.). The corresponding antigens should 
be secured also for controls. 

Pathogenicity of Shigella. 1. Most cases of bacillary dysentery in the United 
States are due to infection with Shig. paradysenteriae and Shig. sonnei. 

2. Not all shigella are pathogenic for man (e.g. Shig. dispar) and the virulence of 
Shig. alkalescens for adults is doubtful, although it may cause infections of infants. 

3. As the organisms do not produce septicemia, blood cultures are not employed. 
The material submitted for examination should be fresh fecal discharges and, prefer- 
ably, the blood-stained mucopurulent portions. 

4. Callendar states that a presumptive diagnosis can be usually made by the 
microscopic examination of stained and unstained coverglass preparations of very 
fresh material for a study of the cells. Blood is present in varying amounts. Neutrophils 
form about 90 per cent of the exudate, many showing nuclear degeneration (ringing) 
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with fat in the cytoplasm. Endothelial macrophages are found containing erythrocytes 
and leukocytes. They undergo toxic degeneration and form “ghost cells.”’ Plasma cells 
are abundant early in the disease. 

5. A good preserving fluid for swabs secured by proctoscopic examination may be 
prepared according to Felsenfeld (J. Lab. & Clin. Med., 1943, 28:1255) by dissolving 
10 gm. sodium citrate, 10 gm. peptone, 5 gm. sodium desoxycholate and 9 gm. sodium 
chloride in 1000 ml. distilled water. Add 3 ml. of a 1 per cent monosodium phosphate 
solution and neutralize with decinormal solution of sodium hydroxide. Add 0.05 gm. 
p-aminobenzoic acid. Adjust to pH 8.0, tube and sterilize in the Arnold. Buffered 
glycerol water (page 390) is more easily prepared and probably equally satisfactory. 

Biochemical Identification of Shigella Bacilli. 1. A primary division is made 
upon the basis of mannitol fermentation. 

2. The mannitol-positive (Flexner) group is further subdivided by dulcitol and 
iactose fermentation and indol production as shown in Table 32. 


TABLE 32. BIOCHEMICAL REACTIONS OF SHIGELLA BACILLI. 


Species Glucose | Mannitol | Dulcitol | Lactose Indol Pathogenicity 


Dysenteriae 
Paradysenteriae 
Alkalescens 
Sonnei 

Dispar 


3. The Newcastle bacillus is a cross between the salmonella and shigella bacilli. 
Upon isolation it may show some motility and a bubble of gas in glucose broth. 

4. A further method for the differentiation of Shig. alkalescens, Shig. sonnei and 
Shig. dispar from the other bacilli is the reduction of trimethylamine oxide to tri- 
methylamine by the three species mentioned as shown by Wood and others (J. Bact., 
1943, 46:106). Trimethylamine oxide may be obtained from the Lederle Laboratories. 


METHODS FOR THE IDENTIFICATION OF PROTEUS BACILLI 


1. Proteus bacilli are commonly found in putrefying animal and vegetable ma- 
terials as well as in the so;] and feces. Its primary pathogenicity is slight, but it may 
be the cause of important secondary infection in gunshot and other wounds, cystitis, 
pyelitis and osteomyelitis. 

2. Materials submitted for examination are usually feces, urine and pus which 
may be plated in the same manner as described for the salmonella and shigella. 

3. The organism occurs as a Straight or slightly curved rod with rounded ends 
varying greatly in size and shape. 

4. Most strains are actively motile; all are noncapsulated, nonsporulating and 
gram-negative. 

5. It grows rapidly on plain agar at 37° C. with the production of thin, bluish-gray 
colonies that spread rapidly over the entire plate designated by Weil and Felix as H 
(“Hauch” = film) colonies. Nonmotile variants grow in denser, round colonies desig- 
nated as O (“Ohne Hauch” = without film). 

6. On blood agar the colonies appear as a thin, gray film covering the entire surface 
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of the medium. Usually this spreading growth causes complete hemolysis of the blood. 
Two types of swarming occur. In the more common type the bacilli spread in a film 
which shows a more or less rippled appearance. Less frequently encountered are strains 
which spread in definite concentric rings, the edges of which are well defined and may 
be quite regular. Often plates which are overgrown with proteus have a characteristic 
odor. 

7. The growth of a proteus colony on desoxycholate agar plates may be mistaken 
for intestinal pathogens. Since this medium almost entirely inhibits spreading, colonies 
of proteus are small, colorless, and resemble those of the salmonella and shigella groups. 
Occasionally strains are encountered in which some slight spreading occurs, in which 
case they appear as definite colonies surrounded by an irregular zone of sparse sec- 
ondary growth. 

8. Proteus bacilli often occur in mixed culture and must be suppressed in order 
to detect the presence of other types of bacteria. When other gram-negative bacilli are 
present, desoxycholate citrate lactose sucrose agar may be used for their isolation. 
If the associated organisms are gram-positive cocci, however, the most satisfactory 
medium is sodium azide blood agar (page 393). An alternative is blood agar containing 
chloral hydrate prepared as follows: (a) add 0.25 ml. of 5 per cent solution of chloral 
hydrate to a tube of melted agar plus blood, (0) pour into a sterile petri plate and 
when hard streak the surface with the culture. On this medium there is only partial 
inhibition of the growth of gram-negative bacilli, but the spread of proteus colonies 
is prevented. 

9. Proteus may be identified by the breakdown of urea using urea broth or 
Christensen’s urea medium. 

10. Gelatin liquefaction is characteristic of Proteus vulgaris, the most common 
species encountered, but is absent with Proteus morganii (Morgan’s bacillus). The 
pathogenic activity of P. morganii may be somewhat greater than that of other proteus 
bacilli. It is identified by being sucrose-negative and reducing urea slowly (more than 
24 hours required). 

11. Cultures of the %19, X2 and XK strains are used in the Weil-Felix agglutina- 
tion test for rickettsial infection. They are occasionally isolated from urine specimens, 
and are identified as X strains by their agglutinability with specific antiserum. 


METHODS FOR THE IDENTIFICATION OF ALCALIGENES FAECALIS 


1. Alc. faecalis is a normal inhabitant of the bowel, but is also recovered from 
mucous membranes and the skin. It is a wound contaminant and is occasionally cul- 
tured from blood. 

2. It is lactose-negative and produces colorless colonies on E.M.B., desoxycholate 
citrate lactose sucrose and S.S. agars. 

3. Its distinguishing features are the failure to ferment glucose and the production 
of an alkaline reaction in B.C.P. milk. It is a motile bacillus. 


METHODS FOR THE IDENTIFICATION OF BACTEROIDES 


1. Bacteroides outnumber all other genera in the feces and contribute appreciably 
to its odor. 
2. They are strictly anaerobic. There are several species, but only one has a dis- 
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tinguishing property, namely, Bact. melaninogenicus which produces black colonies on 
anaerobic blood agar in 3 to 5 days. 

3: In the intestine they play no pathogenic role providing the mucosa is healthy 
and intact. Being proteolytic they do, however, cause secondary infections of the moist 
gangrene type. 

4. They are found outside the intestine in chronic infections of the genital tract, 
sinuses, lung, as well as in wounds and peritonitis. Occasionally they may be isolated 
from the blood. 

5. Anaerobic blood agar is the medium of choice, although thioglycollate medium 
supports growth. 

6. Identification is based upon the foul odor of the culture, the presence of tiny, 
gray, translucent, smooth colonies which show gram-negative bacilli in smears. Even- 
tually blood is hemolyzed. 

7. There is wide morphologic variation. Some resemble E. coli; others are fila- 
mentous. 


METHODS FOR THE IDENTIFICATION OF VIBRIO CHOLERAE 


1. The cholera vibrio (Vibrio cholerae) occurs in the stools of patients with Asiatic 
cholera and of carriers, also sometimes in the vomitus of this disease as well as in con- 
taminated water, milk or other foods. 

2. The “rice water” stools are characteristic of this infection and are the preferred 
specimen; do not add glycerin as a preservative. The feces of suspected carriers may 
be used or swabbings may be taken from 
the rectum. 

3. Prepare smears from shreds of 
mucus; stain by the method of Gram 
and with dilute carbolfuchsin. If a large 
number of typical gram-negative, comma- 
shaped organisms are present, examine 
a hanging drop preparation. If typical 
actively motile vibrios are present, a 
tentative diagnosis may be made. These 
procedures are of value in the examina- 
tion of carriers. 

4. Being vibrios they are slightly 
curved rods with rounded ends, often 
resembling a comma (Fig. 213). They 
occur singly, in pairs, short chains or 
spirals. In old cultures they may be 
small, granular and stain poorly. In- I gieric cholo ae: 

(After Frankel and Pfeiffer.) (From Smith and 


volution forms are frequent. : Martin, Zinsser’s Textbook of Bacteriology, 9th 
5. Inoculate 2 tubes of alkaline (pH ed. Courtesy of Appleton-Century-Crofts, Inc.) 


8.4) broth. Incubate at 37° C. Growth 
-can be obtained on any of the common laboratory media providing the reaction is 
alkaline. A pH of 8.0-8.2 is optimal. Prepare alkaline plates of blood agar, E.M.B. and 


S.S. agar at pH 8.2 to 8.4. 
6. On agar the colonies are round, low, convex, translucent, finely granular 
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(“heaped glass”), buttery, and grayish-yellow with entire edges surrounded by a zone 
of alpha or beta hemolysis. 

7. At the end of 8 to 16 hours examine a hanging drop of the broth culture, and 
also prepare a smear stained by the Gram method. To one tube add 3 to 5 drops of 
concentrated sulfuric acid as the cholera vibrio gives a pink reaction (cholera red 
reaction). 

8. The vibrios should be actively motile, noncapsulated, nonsporulating, and gram- 
negative. 

9. V. cholerae rapidly produces indol (cholera red reaction), reduces nitrates, 
liquefies gelatin, grows abundantly ‘in alkaline broth with a thick pellicle (being 
strongly aerobic), gives a negative Voges-Proskauer reaction and produces acid but 
no gas in glucose, levulose, galactose, maltose, mannitol and sucrose. In litmus milk it 
produces alkali at the top and acid at the bottom with no coagulation but slow peptoni- 
zation. 

10. With the second tube of broth or with suspicious colonies conduct agglutina- 
tion tests with V. cholerae antiserum as follows: 

(a) Deposit near one end of a slide a drop of agglutination serum with a titer of 
1:80 and near the other end a drop of saline. Now touch the suspected colony with the 
point of the inoculating needle, rub up in the drop of saline solution, then flame the 
point and again touch the colony with the point and rub up in the drop of serum 
solution. Evidence of agglutination will almost instantly be apparent in the latter (if 
positive). When using a broth culture, centrifuge and transfer one film-loopful to each 
area on the slide. The drops may be allowed to dry and may be fixed and stained. 
If agglutination has taken place, it will be evident in the stained specimen to the 
naked eye, or on slight magnification with the hand lens. 

(6) If clumping does not occur, test at least 10 (and preferably 20 or 25) such 
colonies. 

(c) If evidence of agglutination is obtained, or in the event that no agglutination 
takes place but tnat the stained preparation shows a vibrio, the colony must be fished 
and a plain agar slant inoculated for further study. 

(d) The crucial test of the specificity of a vibrio is the agglutination test with 
a serum of high titer. 

After incubating the agar slants inoculated with the suspicious colony, or preferably 
2 colonies, for 16 to 24 hours, sufficient culture is on hand for an accurate macro- 
scopic agglutination test in a graded series of serum dilutions. 

To be identified as V. cholerae it must agglutinate in a dilution of at least 1:1000 
(with a serum having a titer of 1:4000) within 2 hours at 37° C. 

If a vibrio is isolated that fails to do this, repeated daily subculture on agar must 
be made and its agglutinability tested, for observations are on record showing that 
occasionally (though rarely) a freshly isolated vibrio may show little or no agglutin- 
ability but gain it after a series of subcultures. 

11. If no suspicious colonies are found on the plates, make plates from the sub- 
cultures which are now 14 hours old. This series of plates is examined, after incubating 
at least 14 hours, in a manner precisely like that prescribed for the original set. 

If under these circumstances no suspicious colonies should be found, the examina- 
tion must be regarded as negative. 

In this case the procedure will have extended over a period of about 36 hours. 
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Animal Inoculation Test for the Cholera Vibrio. Emulsify a loopful of culture 
from an agar slant in 1 ml. of broth, and inject a guinea pig intraperitoneally. A fatal 
peritonitis usually follows within 24 hours. 

Pfeiffer Bacteriolysis Test. 1. To 1 ml. of 1:1000 high-titer cholera antiserum 
in broth add a loopful of 18- to 24-hour agar culture and emulsify. 

2. Inject into a guinea pig intraperitoneally. 

3. Inject a second animal with a similar emulsion in 1 ml. of 1:100 normal serum. 

4. At intervals of 5, 20, 40 and 60 minutes remove peritoneal exudate from each 
animal with rubber-bulbed capillary pipets and examine microscopically as hanging 
drop preparations followed by smears stained with dilute carbolfuchsin. 

5. A positive reaction is indicated by the vibrios losing motility, swelling and 
undergoing granular degeneration in the pig inoculated with antiserum. 

Method for the Examination of Water for the Cholera Vibrio. 1. Place 100 
ml. in a sterile flask and add 10 ml. of a sterile 10 per cent solution of peptone in water. 

2. Incubate at 37° C. for 12 hours. Transfer a portion of the surface growth to 
tubes of alkaline broth. 

3. If suspicious colonies develop identify by methods described previously. 


METHODS FOR THE IDENTIFICATION OF LACTOBACILLUS 
ACIDOPHILUS 


1. Lactobacillus acidophilus occurs in the mouth, vagina and feces and is believed 
to be an important factor in the production of dental caries. 

2. Materials submitted for examination are usually the feces of individuals drinking 
acidophilus milk or samples of saliva for L. acidophilus counts. 

3. Specific media are required since L. acidophilus grows poorly on ordinary media. 
An acid reaction favors the growth of the bacillus. 

4. Fecat Pirate Counts For Estimation oF L. ACIDOPHILUS IMPLANTATION. 
Prepare dilutions of fecal material in the usual manner and make dilution pour plates 
with tomato juice agar (page 394). 

5. SALIVA CouNTsS FoR D1iacNnosis or Caries Activity. The method of Snyder 
(J. Dent. Research, 1940, 19:349 and J. Am. Dent. A., 1941, 28:44) may be con- 
ducted as follows: 

(a) Collect saliva in sterile tube. 

(6) Shake vigorously and add 0.2 ml. to each of several tubes of melted and 
cooled B.C.G. glucose agar (page 394). 

(c) Incubate 4 days at 37° C. 

(d) Interpretation: 


Yellow color in 12-24 hours ............ Marked caries activity. 
Yellow color in 24-48 hours ............ Definite caries activity. 
Yellow color in 48-96 hours ............ Slight caries activity. 
INGE CHAN COs earn ibe ne arent etna aca res No caries activity. 


6. The organism occurs as gram-positive bacilli, singly or in chains, and occa- 


sionally as filamentous forms. 

7. Colonies in tomato juice peptone agar or B.C.G. glucose agar are usually large 
and rough or woolly but may be smooth and round. 

8. Litmus milk is coagulated and acidified (“acidophilus milk”’). 
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METHODS FOR THE IDENTIFIGATION.OF THE.CLOSTRIDIA 


Principles. 1. The clostridia are gram-positive, sporulating, anaerobic bacilli. 

2. They will not grow on the surface of aerobic agar plates, but may develop in 
tubes of broth incubated aerobically provided they are in association with facultative 
organisms. 

3. Suspect clostridia if large gram-positive bacilli, with or without spores, are 
present in smears from a thioglycollate medium or a mixed broth culture which will 
not grow on subculture to an aerobic plate; and when colonies, often irregular and 
flat, have developed on an anaerobic agar plate but fail to grow on an aerobic plate. 

4. The identification of clostridia in direct smears from clinical material is usually 
difficult. Many species do not develop spores readily in tissues, e.g. Cl. welchii and 
Cl. tetani. 

5. Spore-bearing clostridia ditfer from sporuiating B. subtilis by the fact that the 
clostridial spores are of greater diameter than the vegetative cells and so produce 
bulging. 

6. The presence of Cl. welchii and Cl. tetani can be suspected with a fair degree 
of certainty in direct smear preparations by the experienced worker. 

7. Most clostridia produce foul odors in cultures. Although the presence of 
“anaerobic odors” suggests clostridia, it must be emphasized that bacteroides, anaerobic 
species of nonhemolytic streptococci and fusiform bacilli also produce similar odors. 

8. Clostridial colonies are generally flat, spreading, and rhizoid. Hemolysis is com- 
mon. Cl. welchii colonies, on the other hand, are large, smooth, and surrounded by a 
large zone of beta hemolysis. B. subtilis will grow anaerobically and produce clostridia- 
like colonies. 

9. Dirty wounds contain a great variety of microorganisms. The examination of 
specimens should not be limited to clostridia, but also must include a search for 
streptococci and staphylococci. In an attempt to suppress contaminants and thus 
encourage clostridial growth, one portion of the specimen may be heated to destroy 
vegetative bacteria and then incubated anaerobically. 

Pathogenicity. 1. They are saprophytes in the sense that they grow well on dead 
organic matter. Healthy oxygenated tissues do not support their growth. 

2. They exist in decayed vegetation and in the intestinal tract. Of particular im- 
portance in human infection is the fact that the clostridia of wounds reach the ground 
in the manure of animals. Thus, the spores are in manured soil and may survive 
indefinitely. 

3. When they are introduced into a wound they may cause infection by: (a) pro- 
duction of exotoxin, ()) the mechanical and chemical effects of acid and gas produc- 
tion and (c) digestion of tissue proteins (moist gangrene). 

4. Clostridia are not primary pathogens. Previous injury by trauma or pyogenic 
infection, and an anaerobic environment, are necessary prerequisites for growth in 
the tissues. 

5. The nature of the infection depends upon the species of clostridia introduced. 

Methods for Isolation. 1. Materials submitted for examination include: (a) swabs 
from wounds, (0) pieces of necrotic tissue, (c) articles of clothing in medicolegal cases 
and (d) peritoneal exudates. 

2. Grind up tissue with sterile broth in a mortar. Soak blood-stained portions of 
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clothing in saline, centrifuge at 3000 r.p.m. for 15 minutes and pour off the supernate. 
3. Inoculate unheated specimens to: 
Aerobic blood agar 
Anaerobic blood agar 
Thioglycollate medium (containing glucose) 
Tron milk (freshly heated and cooled) 

4. Then suspend swabs in 4 ml. of broth. Dilute the other types of specimens up 
to 4 ml. if necessary. Divide into 2 equal portions and heat one set of tubes at 80° C. 
for 15 minutes. 

5. Repeat the inoculations listed in step 3, using the heated tubes. 

6. Seal the iron milk tube with melted paraffin. Incubate one blood agar plate and 
the thioglycollate medium aerobically. Use one of the anaerobic methods outlined on 
pages 413-417 for the anaerobic blood agar plate. 

7. B.B.L.’s anaerobic agar (page 379) and the Brewer anaerobic petri dish cover 
may be added to the above. 

8. ANIMAL INocULATION TEsTs. The same day the specimen is received conduct 
these tests as follows: 

(a) Obtain 4 white mice weighing 20 to 25 gm. 

(6) Inject 2 mice intra-abdominally with 50 units of combined tetanus-gas gan- 
grene antitoxin. 

(c) Inject the heated specimens in one control and one antitoxin mouse. First 
inject 0.5 ml. intra-abdominally and then 0.2 ml. in the muscles of the right groin. 

(d) Using the same syringe inject the unheated specimen into the remaining 2 
animals. 

9. The following day examine the agar plate cultures. Examine first for colonies 
of beta streptococci and staphylococci and then for colonies of clostridia. 

10. Examine the iron milk tube for stormy fermentation and make a Gram-stained 
smear from the thioglycollate medium. 

11. Examine the mice. A definite difference between the condition of the control 
and protected mice is significant. For an interpretation of the results see the next two 
sections. 


METHODS FOR THE IDENTIFICATION OF CLOSTRIDIUM TETANI 


1. The colonies are flat, gray, weakly hemolytic (delayed), irregular, and filmy. 

2. Prepare a Gram-stained smear. Tetanus bacilli are long and slender. Spores will 
not be present at this time. 

3. Pick a single colony, or the edge of the filmy area to: (a) one tube of cooked 
meat medium (page 378), (0) thioglycollate medium, (c) anaerobic blood agar, (d) 
one tube of anaerobic fermentation medium (page 381) containing glucose, one con- 
taining sucrose and one containing lactose, (e) one tube of iron milk, (f) one tube of 
motility medium which has been heated and cooled and (g) one tube of gelatin medium 
for anaerobes (page 386). Also include one aerobic agar plate as a control. 

4. Incubate all of these anaerobically except the thioglycollate tube and one blood 
agar plate. 

5. Examine the cooked meat medium daily for spores which are characteristic. The 
drumstick spores of Cl. tetani are shown in Fig. 183. 

6. Consult Table 33 for biologic identification. 


OV 


OV 


DV 


“UOT}SaSIp 


ou ‘yorTq JOU ‘UOT}eJUSWIAIeZ AULIO}S 


(suaSussfsag) myoiam “19 


QV ‘UOT}SEZIP OU “YOeTG jou ‘sex 


QV ‘UOT}SaZIP OU ‘yYORTG Jou ‘sey 


xp 1D 


OV ‘UOTISaSIP OU “YOvTq JOU ‘sexy 


wunogudas “1D 


wwA0u 79D 


OV ‘uolsesip pider ‘yoriq ‘sex 


— ‘uorljsesip pidevr ‘yortq ‘sex 


sauaso1ogs “19 


UNIYK{OISIY “ID 


oe 


+ 


-- ‘UOTISBSIP OU “YORTG JOU ‘sed ON 


wUnIey 1) 


AVTNOTW 


unyRpex) 


asoions 


“VICTYLSOTO 


HO NOLLVOIMIINAGI “¢ ATAVL 


asoonyy AIA Woly 


satoeds 


538 


IDENTIFICATION OF THE CLOSTRIDIA OF GAS GANGRENE 539 


7. If the tetanus bacillus is still suspected and if the mice previously injected with 
mixed cultures are negative, select a fluid or agar culture which is pure microscopically 
and inject 2 more mice as has been described. Suspend agar growth in broth, not in 
saline, so as to produce inflammation. 

8. In | to 4 days one of the control mice should develop local tetanus, generalized 
tetanus or both. If both animals die, the test is valueless. If only the control animal 
becomes sick and shows stiffening of the right leg, it is local tetanus and a positive 
result. If the control animal dies without evidence of local tetanus and the antitoxin 
mouse remains well, the assumption is made that death was due to generalized tetanus 
toxemia. 


METHODS FOR THE IDENTIFICATION OF THE CLOSTRIDIA OF 
GAS GANGRENE 


1. Usually a mixture of clostridia are present. They are divided into the highly 
fermentative (saccharolytic) group and the proteolytic group. Cl. welchii (perfringens), 
Cl. septicum, Cl. novyi and Cl. fallax are 
the most commonly encountered in the 
saccharolytic group. Cl. sporogenes and 
Cl. histolyticum are the important proteo- 
lytic varieties. 

2. Only Cl. welchii has distinctive and 
easily recognized properties. Since this or- 
ganism is also the most important cause 
of gas gangrene, laboratory diagnosis is 
largely limited to examinations for this 
bacillus. 

3. Although Cl. welchii is capable of 
producing spores, they are rarely seen in 
direct smears of wound material. It may 
be suspected if the preparation shows 
many short, thick, encapsulated bacilli 
without spores. 

4. Inoculate the media listed under 
Methods of Isolation. 

5. Carry out the animal inoculation 
tests previously described. 

6. On the following day examine the 
anaerobic blood agar plate. Cl. welchit 
colonies may be readily detected even 
though the plates are covered with growth. 
They are large, smooth, entire, gray, with 
even edges and show a large zone of beta 
hemolysis surrounded by an outer zone of Fig. 214. Stormy fermentation of milk by Clos- 
discoloration (double zone). tridium welchii. 

7. Confirm by a Gram stained smear. 

8. Examine the iron milk tube for stormy fermentation. This may be recognized as 
a simultaneous coagulation due to acid production and a tearing up of the coagulum 
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by gas which pushes portions of the medium toward the cotton plug (Fig. 214). This 
reaction may be absent if the inoculum contains very few Cl. welchii, or if too many 
alkali-producing proteolytic organisms are also present to neutralize the acid formed 
by Cl. welchii. If stormy fermentation is observed, it is strong evidence for the presence 
of Cl. welchii. But the absence of stormy fermentation does not exclude this organism. 

9. If neither medium appears to contain Cl. welchii, examine the tube of thioglycol- 
late medium for gas bubbles and prepare a Gram stained smear. If bacilli consistent 
with the morphology of this organism are found, subculture to anaerobic blood agar. 

10. Pick a single colony to the same media listed under the Identification of 
Clostridium Tetani and incubate in the same manner. 

11. Examine the mice which were injected with the original specimen. If there is 
no difference in the appearance of the 2 animals, repeat the inoculation with a broth 
suspension of agar growth or with a pure broth culture. The test may be considered 
positive when the control animal dies or is definitely sicker than the protected mouse 
Sacrifice acutely ill mice and culture the heart’s blood to aerobic and anaerobic blood 
agar and to iron milk for confirmation. A positive mouse test does not establish the 
presence of Cl. welchii since tetanus-gas gangrene antitoxin contains antitoxin for Cl. 
septicum, Cl. novyi and sometimes other gas-gangrene clostridia. 

12. Examine the biochemical tests and consult Table 33 for the identification 
Examine the tube of motility medium. Cl. welchii 1s the only commonly encountered 
clostridium which is nonmotile. 

13. Clostridia may reduce or destroy pH indicators. Test the reaction by removing 
a loopful of the culture to a white porcelain spot-plate containing several depressions. 
Add to each depression a few drops of tap water and one drop of the desired indicator 
solution. A yellow color with bromcresol purple or bromthymol blue indicates acidity. 


METHODS FOR THE IDENTIFICATION OF CLOSTRIDIUM BOTULINUM 

1. In addition to staphylococci and salmonella, food poisoning may be caused by 
Cl. botulinum. It is due to the ingestion of the preformed exotoxin in preserved alka- 
line vegetables. Consequently, examinations of the stools for the bacillus are not ordi- 
narily required, but may be conducted. 

2. In this case anaerobic cultures are required. Inoculate 2 tubes of thioglycollate 
medium; heat one at 70° C for 20 minutes and prepare plates of blood agar by the 
surface streak method. Incubate both tubes and the plates anaerobically at 35° to 37° 
C. Prepare smears and stain by the method of Gram. 

3. Cl. botulinum occurs as a large gram-positive bacillus with rounded ends, singly 
or in short chains. Spores are oval, larger than the bacilli, and usually at or near the 
ends. They are produced best in sugar-free media at 20° to 25° C, 

4, The bacilli are motile and noncapsulated. 

5. On blood agar the colonies are irregularly round or umbonate with smooth 
centers, show fringe-like margins and produce alpha type of hemolysis. 

6. In cooked meat medium there is abundant growth with gas and butyric acid 
odor; the meat is digested and blackened. 

7. Type A of Cl. botulinum produces acid and gas in glucose, maltose and salicin; 
types B and C do not ferment salicin. Types A and B ferment glycerol; type C 
does not. 
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8. Test the food for toxin as follows: (a) Prepare a suspension or dilution of the 
food (usually the juice in canned vegetables) in sterile saline and centrifuge down solid 
particles. (6) Give one of 2 guinea pigs 1.0 ml. of polyvalent botulinum antitoxin. 
(c) Inject 2 ml. of food specimen intra-abdominally into both pigs. 

9. The control animal should die in 24 to 72 hours; the protected guinea pig 
should remain well. 

10, A similar test can be made with anaerobic broth cultures. 


METHODS FOR THE IDENTIFICATION OF ERYSIPELOTHRIX 
RHUSIOPATHIAE 


1. Erysipeloid of man and swine erysipelas are caused by Erysipelothrix rhusio- 
pathiae. 

2. Veterinarians are sometimes infected by handling diseased swine and in the 
United States the disease is common among handlers of fish. 

3. In human beings the acute septicemic type is rare; infection usually occurs 
about the fingers and is variously regarded as “fish poisoning” or a pyogenic skin in- 
fection. Polyarthritis may occur (Klauder). 

4, Excise pieces of skin about 3 mm. square from infected areas; grind in a sterile 
mortar and inoculate tubes of broth medium containing glucose and 5 per cent serum. 
Incubate anaerobically at 37° C. 

5. The organism occurs as a small, slender, gram-positive rod, singly and in chains, 
sometimes filamentous with pseudobranching and often granular. It is nonmotile, non- 
capsulated and nonsporulating (Fig. 215). Old cultures are thread-like and bear a 
resemblance to the actinomyces. 


Fig. 215. Erysipelothrix rhusiopathiae. 
Note the similarity of the short bacilli to diphtheroid bacilli and of the pleomorphic filaments to 
actinomyces. (From Jordan and Burrows, Textbook of Bacteriology. Courtesy of W. B. Saunders 


Company.) 


6. Subculture to blood agar (aerobic and anaerobic) which contains at least 0.5 
per cent glucose. Incubate aerobic plate at room temperature. Smooth colonies develop 
which are small and translucent. The anaerobic plate is incubated at 37° C. and may 
show larger granular colonies. The colonies are alpha hemolytic. 
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7. Subculture to carbohydrate broth (page 381) containing respectively: (a) glu- 
cose, (b) lactose, (c) maltose and (d) sucrose. The first 2 are wswally fermented. 

8. E. rhusiopathiae must be differentiated from diphtheroid bacilli which it may 
resemble. The readiness with which erysipelothrix produces filamentous forms and its 
high degree of pathogenicity for mice are differential properties. 

9. Blood cultures incubated anaerobically are indicated whenever erysipeloid is 
suspected. 

10. Inoculate mice intra-abdominally with 0.2 ml. of 2 to 4 day cultures. The in- 
fections are usually fatal and pure cultures may be obtained from the blood of the 
heart by plating on blood agar. 


METHODS FOR THE IDENTIFICATION OF LISTERIA MONOCYTOGENES 

1. Formerly known as Listerella monocytogenes, this bacterium achieved wide 
recognition as the suspected cause of infectious mononucleosis but without adequate 
supporting evidence. 

2. L. monocytogenes is, however, pathogenic for animals and a few cases of men- 
ingo-encephalitis in man have been reported. Blood cultures may be positive in fatal 
infections of infants. 

3. This organism is occasionally isolated from the throat and nasopharynx. 

4. It grows on aerobic blood agar where it produces streptococcus-like hemolytic 
colonies. 

5. Make a Gram-stained preparation which should show small gram-positive bacilli 
with a tendency to the diphtheroid (parallel bacilli) arrangement. 

6. Unlike diphtheroids, however, L. monocytogenes is motile. Inoculate 2 tubes of 
motility medium; incubate one at 37° C., the other at room temperature. The latter 
will show greater motility. 

7. Differentiation from erysipelothrix is on the basis of the motility and aerobic 
character of the listeria organism. 

8. Glucose is fermented with acid only; the fermentation of lactose is variable. 

9. Mice are extremely susceptible, a fact which serves to distinguish it from most 
diphtheroid bacilli. 


METHODS FOR THE DIAGNOSIS OF PLAUT-VINCENT'S ANGINA 
AND FUSOSPIROCHETAL GINGIVITIS 

Plaut-Vincent’s angina is caused by a spirochete, Borrelia vincentii, in symbiosis 
with fusiform bacilli. These organisms also produce a type of gingivitis commonly 
called “trench mouth,” as well as stomatitis and ulcerating lesions in other parts of 
the body. 

Plaut-Vincent’s Angina. 1. Smears constitute the sole diagnostic procedure as 
the organisms are anaerobic and difficult to cultivate. These should be made on glass 
slides and should not be too thin. Swabs accompanying cultures on Loeffler’s serum 
medium for diphtheria bacilli may be used for preparing smears, and this is a good 
routine practice as Plaut-Vincent’s angina may be mistaken clinically for diphtheria. 

2. Dry in air. 

3. Fix by passing through flame 4 times 
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4. Cover with carbolfuchsin diluted 1:10 with water; heat gently and stain for 2 
minutes. Stain second slide by method of Gram. 

5. Wash in water and dry. 

6. Examine with oil immersion tens for fusiform bacilli and spirochetes. The former 
are gram-negative, variable in length, slightly curved with pointed ends and showing 
faintly staining granules. The latter are long and thin, with irregularly wavy spirals 
(Fig. 216). 

7. Both organisms are also readily seen in wet preparations by darkfield examina- 
tion. 

Fusospirochetal Gingivitis. 1. Stained preparations are recommended. 

2. The material should be collected with care, especially from gingival pockets 
with suitable instruments or after expression by pressure. 

3. Prepare several smears. Dry 
in the air. Fix with heat. Stain with 
1:10 carbolfuchsin for 2 or 3 min- 
utes. Wash with water, dry, and ex- 
amine with oil immersion lens for 
spirochetes and fusiform bacilli. 

4. An occasional spirochete is 
normal, but large numbers and tan- 
gled masses represent a pathologic 
increase (spirochetal gingivitis). 

5. Fusiform bacilli may also be 
found in association with spirochetes 
constituting fusospirochetal gingi- 
vitis, a form of Vincent’s infection 
of the gums, or trench mouth. 


Fig. 216. Fusiform bacilli and spirilla of Plaut-Vincent's 
angina. 


6. A few spirochetes and fusi- (From Zinsser and Bayne-Jones, Textbook of Bac- 
form-shaped bacilli are to be found — teriolegy. Courtesy of D. Appleton-Century Company.) 


in most mouths and do not alone 


constitute evidence of infection; but the presence of large numbers is regarded as 
pathologic. 

7. Leptotrichia buccalis is frequently found in the mouth and may be mistaken for 
fusiform bacilli. It occurs as long, thick, gram-positive bacilli or filaments. It does not 
grow under ordinary aerobic conditions. This type of organism probably belongs to the 
actinomyces. 

8. Fusiform bacilli will grow on anaerobic blood plates on which they are mistaken 
for bacteroides because of the foul odor produced. 

9. Typical colonies are of 2 types. One is transparent, flat, with an irregular wavy 
surface; the other is round, convex, opaque and smooth (Spaulding and Rettger, 
J. Bact., 1937, 34:535 and 549). Low power examination is almost necessary for their 
detection. 

10. Neither fusiform bacilli nor B. vincentu are primary pathogens. Like most 
anaerobes they develop upon dead organic matter, including necrotic tissue, but assume 
importance in large numbers because of the action of proteolytic enzymes. 
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METHODS FOR THE DIAGNOSIS OF RELAPSING FEVER 


1. Borrelia recurrentis and Borrelia novyi may be found in blood films fixed with 
methyl alcohol and stained with diluted carbolfuchsin or after staining with Wright’s 
blood stain (Fig. 217). Careful search 
for the spirochetes is usually required. 

2. Cultures are not employed. 

3. Inject 0.2 to 0.5 ml. of patient’s 
blood or clots broken up in sterile 
saline solution intra-abdominally into 
white mice with aseptic precautions. 
Young white rats are also suscep- 
tible. 

4. Place a drop of blood from the 
tail on a slide covered with coverglass. 
Examine with high dry or oil im- 
mersion lenses each day over a period 
of at least 5 to 14 days for spiro- 


Fig. 217. Borrelia recurrentis (after Calkins). chetes. Infected mice are likely to 


(From Smith and Martin, Zinsser’s Textbook of g ° forermonth ith t 
Bacteriology, 9th ed. Courtesy of Appleton-Century- ING o ; onths with recurren 
Crofts, Inc.) spirochetemia. 


METHODS FOR THE IDENTIFICATION OF LEPTOSPIRA 

1. L. icterohemorrhagiae from rat urine and feces, and L. canicola from dogs are 
the causes of infectious jaundice (Weil’s disease) in man. 

2. Early in the disease the leptospira may be recovered from blood; later urine is 
the best source. 

3. Centrifuge a fresh specimen of 
citrated blood lightly (1200-1500 
r.p.m. for 10 minutes). Examine sev- 
eral preparations of the supernate by: 
(a) darkfield and (0) thick, dry, 
Giemsa stained smears. 

4. Leptospira are tightly-coiled, 
long spirochetes with loose, wavy or 
hooked ends (Fig. 218). Motility is 
an active rotational movement. 

5. Centrifuge urine at high speed 
and examine as in step 3. 

6. Cultures may be attempted in 
leptospira medium (page 400) which, 
however, is somewhat difficult to pre- 
pare. Incubate at room temperature. 


Fig. 218. Leptospira icterohemorrhagiae. 


Growth is not rapid; do not discard _ Section of liver from guinea pig injected with pa- 
the cultures for at least 2 weeks. ient’s blood. Levaditi silver impregnation stain 


7. Inject intra-abdominally 0.5 on Cees ee rat W. Paul Havens, Jr. 
E 24 ourtes q 7 j s 
wT af Hlodnatemitinednts-each of 4 snk: e Journal of the American Medical As 
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young (3 to 4 week) white mice. In a few days leptospira may be demonstrated by 
peritoneal aspiration as shown by Larson (Pub. Health Rep., 1941, 56:1546). Jaundice 
and generalized infection with death in 10 to 12 days are produced by L. icterohemor- 
rhagiae. L. canicola is less virulent. 

8. The most practical method of diagnosis is by agglutination tests with the 
patient’s serum (see Chapter 31). 


METHODS FOR THE DETECTION OF TREPONEMA PALLIDUM 


1. Treponema pallidum may be found in primary and secondary lesions by dark- 
field examination (recommended) or by special staining methods (Fig. 219). The 
recommended methods are those of Dienst (page 430) and Krajian (page 430). A 
method for the collection of chancre material is given on page 346. 


By: K-™Maca 
| “i8n SHIRE 
3.05 ANGERES. 


Fig. 219. Treponema pallidum. 
Smear from chancre of the cervix stained by the Krajian rapid silver method. (From Gradwohl, 
Clinical Methods and Diagnosis. Courtesy of C. V. Mosby Company.) 7 


2. Satisfactory darkfield examinations are obtained only if the material is examined 
promptly. Motility is usually lost in 30 minutes, as well as the characteristic mor- 
phology. 

3. Treponema are rigid spirochetes showing even regular coils (Fig. 220). Motility 
is graceful. These features are in contrast to the loose uneven coils of borrelia whose 
movements are more vigorous and thrashing. 

4, Identification of treponema does not establish the presence of T. pallidum. The 
mouth contains treponema species, e.g. T. microdentium, which cannot be distinguished 
from the spirochete of syphilis by darkfield examinations. Never report a mouth prepa- 
ration as being positive for T. pallidum. Report only that treponema are present. Sero- 
logic tests are indicated. The external genitalia may harbor the nonpathogenic 7. 
refringens, which also simulates the appearance of 7. pallidum, but it is not commonly 
encountered. Treponema in genital preparations are probably T. pallidum. 

5. Cultures are not employed. 
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6. Secretions, bits of tissue, spinal fluid and material aspirated from enlarged 
lymph glands may be inoculated into the testicles of rabbits. Full-grown and healthy 
animals should be employed. From 0.2 to 1.0 ml. fluid or emulsion should be injected 
into the center of each testicle with a sterile syringe after sterilization of the skin with 
iodine. Syphilitic orchitis develops in 3 to 6 weeks with numerous spirochetes to be 
seen by darkfield examination. Chancres of the scrotal skin may occur. 

7. According to Loveman and Morris (Am. J. Syph., Gonor. & Ven. Dis., 1944, 
28:44), darkfield examinations for T. pallidum of material aspirated from enlarged 
lymph nodes are of particular diagnostic value in intra-urethral chancres, lesions ob- 
scured by phimosis or paraphimosis, old involuted chancres upon which the local dark- 
field examinations are repeatedly negative, dirty, painful and secondarily infected 
chancres, chancres or secondary 
lesions within the oral cavity 
(especially chancres of the tonsils), 
secondary syphilitic lesions with 
moderate lymphadenopathy, as 
well as in the differential diagnosis 
of syphilis and lymphogranuloma 
venereum. The technic of aspira- 
tion is as follows: (a) Apply tinc- 


Fig. 220. Treponema pallidum: Levaditi stain. 


(From Smith and Martin, Zinsser’s Textbook of Bac- et 5 ‘ 
teriology, 9th ed. Courtesy of Appleton-Century-Crofts, ture of iodine to the skin overlying 


Inc.) an enlarged gland. (6) Using a 

20 to 22 gauge needle, draw up 
about 0.5 ml. of sterile distilled water or saline solution into a 5 or 10 ml. Luer syringe. 
(c) Fix a suitable gland with the fingers and insert the needle. (d) When it is certain 
that the gland has been entered, inject the water. (e) Rotate the needle for 30 or 40 
seconds and gently move the gland from side to side by moving the needle. (f) With- 
draw the slightly blood-tinged serum and make a thorough darkfield examination for 
spirochetes. Positive results are stated to indicate the presence of T. pallidum as non- 
pathogenic spirochetes do not occur in the lymph nodes. 


METHODS FOR THE IDENTIFICATION OF SPIRILLUM MINUS 


1. Rat-bite fever is primarily a disease of wild rats transmissible to man, rats and 
other animals by bites. 

2. One of the causative organisms is Spirillum minus. 

3. Inoculate white mice or guinea pigs intra-abdominally with the patient’s blood 
(citrated), exudate from the initial lesion, serum expressed from erythematous patches, 
material aspirated from lymph nodes, or ground-up tissue. If mice are used, inject 
an equal number of control animals with the same material as before but which has 
been heated at 56° C. for 30 minutes. This is necessary because Spirillum minus is 
indigenous to mice. The control animals should be negative. 

4. After one week snip the mouse’s tail and collect a few drops of blood in a tube 
containing glass beads. Shake to defibrinate. Make darkfield examination. Aspirate 
the abdominal cavity by needle puncture using 0.5 ml. of saline, and make darkfield 
examination of this material. Repeat this examination at least once a week for a month. 
If the test animal blood shows spirilla, examine the control animals in the same 
manner. These should not be positive. 
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5. If guinea pigs are used, a control animal is not necessary. Obtain blood from 
the ear after rubbing it with xylol, and examine by the darkfield method. 

6. If spirilla are found, prepare mixtures of patient’s serum and fresh guinea pig 
blood and examine for loss of motility by the organism. This is a confirmatory test 
but is uncertain and subject to error. 

7. Examine wet preparations of the patient’s blood by darkfield examination 
although the organism is rarely detected with certainty by this means and there is 
likelihood of mistaking “artefact spirochetes” for the actual organism. Make similar 
examinations of secretions from the initial lesion which are much more likely to be 
positive. 

8. Smears may be stained with the Wright or Giemsa stains (Fig. 221). 

9. Cultures are not attempted. 


Fig. 221. Spirillum minus. 


1. In blood of guinea pig. Short form. Wright’s stain. & 1500. 2. In blood of white mouse. Long 
form. (Army Med. Museum 50281, from Francis.) 3. In blood plasma of guinea pig. Flagellum at 
each end stained by Fontana-Tribondeau silver method. (Army Med. Museum 50417, from Francis.) 
(From Smith and Martin, Zinsser’s Textbook of Bacteriology, 9th ed. Courtesy of Appleton-Century- 
Crofts, Inc.) 


METHODS FOR THE IDENTIFICATION OF STREPTOBACILLUS 
MONILIFORMIS 

1. A second form of rat-bite fever is caused by Streptobacillus moniliformis. A 
milk-borne outbreak of infection due to this organism was called Haverhill fever. 

2. It is a highly pleomorphic organism. In broth regular shaped rods are usual; but 
on agar there may be chains of bizarre shaped filaments and beaded forms. It is normal 
in the rat’s nasopharynx, but is highly pathogenic for mice. 

3. Inoculate joint fluid or 10 ml. of citrated blood into a flask of starch-serum 
medium (page 400). Place the last few drops on plates of starch-serum agar. 

4. Incubate aerobically at 37° C. Examine flasks for the development of fluff ball 
growths in 2 or 3 days on top of the red cell layer. Subculture at once to starch-serum 
agar since cultures lose viability rapidly. 

5. Examine the agar plate for medium-sized, raised, granular colonies (Fig. 222). 

6. Prepare Gram-stained smears of the broth and agar growths and examine for the 
pleomorphic cells. 

7. S. moniliformis is often associated with pleuropneumonia-like microorganisms 
known as L, forms. These will be seen as tiny microscopic colonies surrounding and 
buried in the agar beneath those of S. moniliformis (Fig. 222). They appear after 2 
to 4 days incubation. They do not develop in broth. 
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METHODS FOR THE IDENTIFICATION OF PLEUROPNEUMONIA-LIKE 
ORGANISMS 


1. These minute microorganisms are distinct from ordinary bacteria, and are 
neither rickettsia nor viruses. The following criteria define the group: (@) growth in 
cell-free media in a wide variety of pleomorphic forms including filaments, globules, 
large protoplasmic masses and as tiny elementary bodies about 0.2 of a micron in size; 
(6) development of minute colonies on solid media varying from 20 to 600 microns in 
diameter and showing a dark central nipple-like top or an evacuolated mesh-work area. 

2. They occur as pathogenic and nonpathogenic parasites of animals and have been 
recovered frequently from the urogenital tract of the human female and occasionally 
from the male. Their association with cervicitis, urethritis, arthritis and Reiter’s syn- 
drome is being investigated. 

3. Inoculate swab material, exudate and joint fluid to 2 plates of pleuropneumonia 
isolation agar (page 400) and to thioglycollate-ascitic fluid medium (page 400). Incu- 
bate one of the agar plates anaerobically; the other aerobically. The aerobic agar plate 
should be sealed to prevent drying, adequate aeration being provided by the daily 
examinations. 

4. Growth occurs on agar in 1 to 4 days and is manifested by the development of 
tiny colonies which can be seen only with the aid of a hand lens or the low power lens 
of the microscope (Fig. 223). 

5. Prepare smears and stain by the Gram or Giemsa methods. If they can be visual- 
ized at all, the organisms will appear as faintly stained, bizarre-shaped, gram-negative 
bodies. The absence of visible organisms microscopically is to be expected and indicates 
the presence of pleuropneumonia-like organisms. 

6. For subculture, cut out a piece of agar aseptically and streak it across another 
agar plate. 

7. Growth in broth may be obtained by cutting out a piece of agar and dropping 
it into a tube of pleuropneumonia maintenance broth (page 401). Do not use a glucose- 
containing medium for maintenance of subcultures. Growth occurs as a faint turbidity 
or as granules or flakes close to the piece of agar; after several transfers, however, a 
definite diffuse turbidity may develop. 

8. The presence of growth in the thioglycollate-ascitic fluid medium cannot gen- 
erally be determined by gross inspection. If present, it will appear as a faint turbidity. 
Beginning at 24 hours subculture 2 loopfuls to a portion of a plate of pleuropneumonia 
maintenance agar (page 401) or to beef heart-pancreatic digest agar (page 377). 
Repeat every day using each time another portion of the same agar plate. Continue 
for at least 6 days. 


Fig. 222. Streptobacillus moniliformis. 


Top: Streptobacillus moniliformis and pleuropneumonia organism, L,. (24-hour culture on ascitic 
fluid agar stained in situ with methylene blue-Azure II. x 112. Dr. Cynthia H. Pierce.) Bottom 
(left): Streptobacilius moniliformis colony. (24-hour agar culture stained in situ with methylene 
blue. X 1855.) Note the irregular, wavy filaments containing deeply stained pear-shaped swellings. 
Bottom (right): broth culture of Streptobacillus moniliformis. (Gram stain of 24-hour growth. 
1855. Dr. Louis Dienes.) Note the lack of pleomorphism. (From Dubos, Bacterial and Mycotic 
Tufections of Man. Courtesy of J. B. Lippincott Company.) 
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Fig. 222. Streptobacillus moniliformis. 
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9. Bacterial staining procedures are inadequate. For practical diagnostic work the 
recently published procedure of Schaub and Guilbeau (Bull. Johns Hopkins Hosp., 
1949, 84:1) is especially recommended as follows: 

(a) Make 4 balls of warm (37° C.) plasticine about 3 mm. in diameter and place 
them on a clean glass slide so as to make 4 corners of a 1.0 cm. square. These are to 
support a coverglass. 

(6) With a sterile knife cut out a 5 mm. square of agar culture free of bacteria 
but suspected of containing pleuropneumonia-like organisms. The block should be 
about 2 mm. thick. 

(c) Lift out the block and carefully.place it growth side up on the slide and inside 
the plasticine balls. 

(d) Carefully place on the center of the agar block a biconvex 1.0 mm. loopful, 
or its equivalent, of Wayson stain (page 424). 

(e) Place a clean coverglass over the block so that it rests on the plasticine but 
does not touch the agar. By carefully pressing the corners of the coverglass with the 
handle of an inoculating loop the plasticine balls are flattened enough to allow contact 
between the coverglass and the agar. The staining solution should now cover the agar 
surface. 

(f) Examine under oil immersion but do not allow the microscope objective to 
press against the coverglass since it is essential that the natural structure of pleuro- 
pneumonia colonies remain undisturbed (Fig. 224). 

(g) If a permanent mount is desired, fill the space around the block with melted 
paraffin. This can be done with a Pasteur pipet and rubber bulb, but the paraffin must 
be quite hot. 

10. Pleuropneumonia-like forms are produced by, or are associated with, several 
species of bacteria such as E. coli, bacteroides and H. influenzae under certain condi- 
tions. The presence of penicillin is conducive to this phenomenon as shown by Dienes 
(Proc. Soc. Exper. Biol. & Med., 1947, 64:165). On the other hand, penicillin by 
suppressing the growth of sensitive bacteria, aids in the isolation of pleuropneumonia 
organisms. In order to avoid the confusion between pleomorphic forms induced by 
penicillin and true pleuropneumonia organisms, penicillin should not be added to 
subculture media. 

11. For further details concerning the isolation and recognition of pleuropneu- 
monia-like organisms the reader is referred to the monograph by Sabin (Bact. Rev., 
1941, 5:1 and 355) and to the articles by Dienes (J. Bact., 1945, 50.441 et ante). 


METHODS FOR THE IDENTIFICATION OF DONOVANI GRANULOMATIS 


1. Granuloma inguinale is characterized by a swelling which may involve the 
external genitals, inner surface of the thighs, perineum and anus with involvement of 
the inguinal lymph nodes, It occurs more frequently in women. 


Fig. 223. Pleuropneumonia organisms. 

A-H, various types of colonies on solid medium, x 70 to 100. J, 4-day culture in serum broth 
Giemsa stain, X 1500. K and L, 5-day cultures in serum broth, Giemsa stain, x 1200. M and N a 
pression of 2-day serum agar colony, Giemsa stain, X 2000. P. mesothelial cell of mouse bareaining 
pleuropneumonia organisms. Giemsa stain, 1600. QO, 6-day serum agar colony impression, Giemsa 
stain, X 1500. R and S, 2-day serum broth culture, Giemsa stain, X 1000. (From Dr. Albert B Sabin 
in Bacteriological Reviews. Courtesy of Williams and Wilkins Company.) ; 
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Fig. 224. Pleuropneumonia organisms. 


Colonies in cultures made directly from specimens by wet stained-agar method of Dienes. A, tiny 
colonies and a small streptococcus colony from the male urethra, x 200. B, X 2000 magnification of 
A showing edge of bacterial colony and a few pleuropneumonia colonies, 2-day incubation. C, 
colony from prostatic secretion after 24-hour incubation, X 200. D, detailed structure of colonies 
from a urinary sediment, 16-hour incubation, Xx 2000. (Courtesy of the New England Journal of 


Medicine.) 
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2. The disease should not be mistaken for lymphogranuloma venereum, a disease 
caused by a filtrable virus, for which the Frei intradermal test is employed for diag- 
nostic purposes. 

3. The cause of granuloma inguinale is Donovani granulomatis, a Friedlander-like 
organism. : 

4. The organism occurs in endothelial cells as small oval bodies resembling the 
“Donovan bodies” of kala-azar (Fig. 225). 


Ci 


Fig. 225. Donovan bodies of granuloma inguinale. Wright's stain. 
(Courtesy of Mr. George R. Cannefax, United States Public Health Service Medical Center, 
Hot Springs, Arkansas.) 


5. Obtain specimens according to the directions on page 331. If a pseudobubo is 
present, this is preferable to using an ulcer. Collect by needle aspiration. 

6. Staining according to Cannefax (J. Ven. Dis. Inform., 1948, 29:201) is as 
follows: 

(a) Smear out the scrapings or place the tissue between 2 slides and rotate one 
with pressure until the material is evenly distributed. Do not spread after drying 
occurs. Formalin-fixed tissue cannot be spread satisfactorily. Fibrotic lesions are not 
satisfactory for smears and should be examined by microscopic section. 

(b) Giemsa stain may be used, but that recommended by Dienst (Am. J. Syph., 
Gonor. & Ven. Dis., 1948, 32:301) produces the best results. Dienst employs Wright’s 
stain (page 432) and lets the undiluted stain act for 1/2 minutes. This stains the 
capsule better than does Giemsa stain. Examine under low power, high-dry and finally 


with oil immersion. 
(c) The Donovan body appears to be coccoid or diplococccid, with or without a 
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capsular halo, and varies from light blue to purplish black with Wright’s stain. The 
capsule may be colorless or pink, but becomes purplish upon degeneration. It will be 
found both intra- and extra-cellularly. Intracellular Donovan bodies are located in the 
cytoplasm of large mononucleated endothelial cells. 

(d) Report as positive only if encapsulated organisms are seen within cells or 
close to the nucleus of cells having faint cytoplasmic outline. 

(e) Donovan bodies of granuloma inguinale differ from the Leishman-Donovan 
bodies of kala-azar which are larger, have an eccentric nucleus, rod-like parabasal body 
and a blue-stained cytoplasm (to be compared with the pink capsule of Donovani 
granulomatis ). ‘ 

7. Cultures are not attempted routinely. Dienst (previously cited) reports several 
successful isolations in his yolk medium (page 401). Inoculate only carefully collected 
specimens likely to be free of surface contamination. Incubate 4 days at 37° C. Stain 
smears by the Wright method. D. granulomatis remains viable in this medium for 8 
to 10 days at room temperature or in the refrigerator. 

8. The organism is lethal for guinea pigs inoculated intra-abdominally with 1 ml. 
of culture. Subcutaneous or intracutaneous inoculation of mice and rabbits produce 
local lesions. 

According to Pund and Greenblatt (Arch. Path., 1937, 23:224) granuloma in- 
guinale reveals in the pure or unmixed casés a uniform histologic picture. The essential 
features are (a) the massiveness of the cellular reaction in which the luxuriant granu- 
lation tissue is surcharged with plasma cells, (0) the relative and conspicuous paucity 
of lymphocytes, (c) the diffuse sprinkling of polymorphonuclear leukocytes, with focal 
collections in the superficies and papillae, (d) the pronounced marginal epithelial 
proliferation simulating early epitheliomatous changes, (e) the pathognomonic large 
mononuclear cells scattered in various numbers throughout the granulation tissue. The 
latter are regarded as specific for granuloma inguinale. The relatively large size of the 
cell, the diameter of which varies from 25 to 90 microns, and the many intracyto- 
plasmic cysts filled with deeply stained bodies are its cardinal features. Donovan 
bodies are round or rod-like, are grouped within the cysts and have an affinity for 
hematoxylin. Their recognition is of paramount importance because it permits the 
diagnosis of granuloma inguinale to be made by histologic study of the tissue. 


METHODS FOR TESTING, THE SUSCEPTIBILITY OF BACTERIAZTO 
THE SULFONAMIDE COMPOUNDS 

Principies. 1. The sulfonamide compounds are bacteriostatic. Only in very high 
concentrations do they cause rapid killing of bacteria. Therefore, therapeutic effects 
are attributable to inhibition of bacterial multiplication which aids the defense 
mechanisms of the host. 

2. Sulfonamides are classified as: (a) absorbable (sulfanilamide, sulfadiazine, 
gantrisin, sulfamerazine, sulfamethazine) and, (b) nonabsorbable (sulfasuxidine and 
sulfathalidine). 

3. Sulfonamide activity is antagonized by a variety of substances of which para- 
aminobenzoic acid (PABA) is the best known. However, urethane, certain amino 
acids and purines, nicotinic acid, glucose, and methionine have a similar effect. 
Sulfamylon is a derivative not antagonized by PABA. 

4. The practical significance of sulfonamide antagonism is the fact that the 
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presence of pus and tissue debris reduce in vivo activity. Likewise, in vitro testing 
is made very difficult since many peptones, tissue extractives and other constituents 
of culture media neutralize sulfonamide activity. Results obtained with such media 
are generally worthless. 

5. As a result, there are few practical laboratory procedures for testing suscepti- 
bility to the sulfonamides. 

6. Sulfonamide assay of body fluids is a chemical procedure (see Chapter 38). 

Enteric Bacilli. 1. Since coliform bacilli, salmonella, proteus, shigella and pseudo- 
monas grow in simple media, it is possible to determine with a fair degree of accuracy 
the sulfonamide susceptibility of these organisms. 

2. Prepare stock 200 mg. per cent solutions of the sulfonamides as follows: 

(a) Weigh out 200 mg. of sulfanilamide and dissolve in 100 ml. of tryptone broth 
(page 384). 

(6) Weigh out 218 mg. of sodium sulfathiazole (255 is the molecular weight of 
sulfathiazole and 23 that of sodium) and dissolve in 100 ml. of tryptone broth. This 
makes a 200 mg. per cent solution of sulfathiazole. 

(c) Weigh out 218 mg. of sodium sulfadiazine and dissolve in 100 ml. of tryptone 
broth for a 200 mg. per cent solution. 

(d) Other sulfonamides can be prepared in a similar manner. Sterilize by auto- 
claving. 

(e) Store in rubber-stoppered flasks in the refrigerator. 

3. Before testing prepare a 10 mg. per cent solution in tryptone broth and then 
prepare substock solutions in a series of tubes as follows: 


VOLUME IN ML. 
200 mgm. % sol’n. 2.0 1.0 1.0 1.0 0.5 


10 mgm. % sol’n. 4.0 2.0 1.0 
Tryptone broth 2.0 3.0 4.0 5.6 4.5 — 2.0 3.0 
Conc. of sub-stock 

sol’n. in mgm. % 100 50 40 30 20 10 5 DES 


4, Prepare test broth tubes as follows: 


200 mgm. % sol’n. 5.0 D5) 
Sub-stock sol’n., 
(see column 


directly preceding ) oy) 25 2.5) D9) BS D5) Behr A) 
Tryptone broth — ZS oi) rg) ZA.) Zea) Ze Zee) Ba Cio) 
Total volume 5.0 5.0 5.0 520 5.0 5.0 5.0 5.0 S00) SHO) 
Final conc. 

(mgm. %) DOO tme AOD umes 0c De e251 20 Saat O Sin bee 2,5emiedaoe 


5. Inocutum. Five-hundredths ml. (one drop) of an 18 to 24 hours tryptone broth 
culture diluted 10-° or 10 in tryptone broth; use 10°‘ dilution if culture growth is 
very heavy. 

6. Incubate for 24 hours at 37° C. Examine for turbidity after shaking the tubes. 
Report as “Susceptible to 25 mg. per cent but resistant to 20 mg. per cent,” and so on. 

Streptococci and Other Fastidious Organisms. 1. There is no practical method 
which yields accurate results. 

2. The method of Wilson for Group A streptococci is excellent but too compli- 
cated for routine work (Proc. Soc. Exper. Biol. & Med., 1945, 58:130). 
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3. Reid and Anderson (Science, 1946, 103:454) simplified the procedure as 
follows: 
(a) Prepare a broth medium of the following composition: 


Proteose peptone No. 3, Difco ... set ey ns 10 gm. 
(GUC OSCU Rr gt ee eye ee hae 5 gm. 
Sodiumchloridess a. = AY 5 gm. 
LNW a eerraa  secea dagen Ke en al : 4 gm. 
Distilled water ...... bite: we yeonese  UOOOrsanll 


‘Dissolve with heat, adjust to pH 7.6 and dispense in flasks, 50 ml. per flask. 
Autoclave at 121° C. for 15 min. 

(6) Srertinc Up THE Test. Follow the scheme outlined earlier. This involves the 
pipetting of the correct volume of sterile broth to the tubes used in the test. Add about 
15 per cent excess drug to allow for absorption by the peptone. 

(c) The inoculum will vary somewhat with the turbidity of the culture used. The 
test organism should be grown in the same medium used for testing. If the culture is 
young (6 to 8 hours) and shows definite turbidity, transfer one loopful to 10 ml. of 
the medium, shake well and repeat with a second tube. Use one drop (0.05 ml.) 
from the second dilution tube as the test inoculum. With overnight cultures use 0.1 ml. 
inoculum from the second dilution tube. Occasionally heavy growth is obtained: in this 
case prepare a | to 10 dilution from the second dilution tube and use 0.1 ml. inoculum. 

4. Incubate 24 hours at 37° C. and examine for turbidity. 

H. influenzae. Use Levinthal broth (page 396). Otherwise carry out the pro- 
cedure as outlined previously. 


METHODS FOR TESTING’ THE SUSCEPTIBILITY OF BACTERIA 
TO PENICILLIN 


Principles. 1. Penicillin susceptibility varies widely among different genera and 
species of bacteria, and even within species. From 14 per cent (Proc. Soc. Exper. Biol. 
& Med., 1945, 60:55) to 59 per cent (Lancet, 1948, 2:641) of staphylococci are 
resistant to penicillin. Thus, staphylococcal susceptibility to penicillin should not be 
taken for granted. 

2. Blood level determinations are not often needed. In cases of chronic infection 
and of infections due to a relatively resistant organism, however, it is important to 
assay blood or other body fluid for the penicillin content. 

3. Penicillin is actively bactericidal as well as bacteriostatic. It is probable that 
this lethal action is responsible for the rapid clinical recovery so frequently observed 
with penicillin therapy. Therefore, a practical method for determining the rate of 
killing by penicillin at selected concentration levels would be an effective way of rating 
the susceptibility of bacteria (J. Exper. Med., 1948, 88:99). At the present time, 
however, none of the proposed procedures appears to be practical for routine appli- 
cation. 

4. There are several naturally occurring varieties of penicillin which differ in their 
antibiotic and pharmacologic properties. The most important penicillins are G, F, X 
and K. Penicillin G is the only form in general use. Because all these penicillins have 
a free carboxylic group, various salts can be prepared such as Na, Ca, K, and alumi- 
num. The procaine salt is being employed extensively. 
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5. Quite accurate determinations can be made by the test tube broth method. 

6. The real need in diagnostic laboratories, however, is for a method which permits 
estimation of susceptibility on the primary isolation. No highly accurate method is 
available for this purpose, but the disk method herewith described is adequate for 
practical purposes. 

Test Tube Method. 1. Use trypticase soy broth (page 380), 4 ml. per tube. 

2. It is advisable to prepare a 500 unit per ml. stock solution of penicillin G and to 
check it against a standard solution. Preserve in the frozen state. Distribute the solu- 
tion in a series of small tubes, 1.0 ml. per tube. When susceptibility tests are to be 
conducted, use one tube for the preparation of the substock solutions. 

Using trypticase soy broth, dilute the stock 500 unit solution to make substock 
solutions with the following concentrations: 50, 25, 10, 5, 2.5, 1.0, 0.5, 0.2 and 0.1 
units per ml. Approximately 5 ml. is a convenient volume for each. Use separate pipets 
for each. 

3. Arrange 10 tubes of broth (4 ml. in each) in a rack. Add 1.0 ml. of the 50 unit 
per ml. penicillin solutions to tube No. 1, 1.0 ml. of the 25 unit solution to tube No. 2, 
etc. so that the final concentrations of penicillin range from 10 units in tube No. 1 
to 0.02 units in tube No. 9. Tube No, 10 is a control and receives 1.0 ml. of sterile 
broth. Use a separate pipet for each. 

4. INocuLum. A young broth culture, preferably in the same type of broth, is 
best. Otherwise use an overnight culture. If the growth is very heavy, make a 107 
dilution. If the turbidity is slight, do not dilute. Inoculate 0.1 ml. to each tube. Mix 
well. 

5. Incubate at 37° C. and observe for the inhibition end-point at 20 to 24 hours. 
Report this as the preliminary susceptibility level. Examine again after an additional 
24 hours incubation. If there is a change, report the new end-point as the final 
susceptibility level. 

6. If desired, this procedure may be carried out with 10 per cent serum by using 
tubes containing 3.6 ml. of broth, 0.4 ml. of serum and 0.1 ml. of inoculum. 

7. The disadvantage of this method is the fact that a pure culture must first be 
obtained, and so its usefulness is limited largely to chronic infections such as subacute 
bacterial endocarditis or osteomyelitis. 

8. The heavy inoculum employed in this procedure provides for the inclusion of 
resistant mutants if they are in comparatively large numbers. The end-point at 24 
hours indicates the susceptibility level of the bulk of the cells inoculated; the 48-hour 
reading detects the presence of the common resistant mutants. 

Paper Disk Method. 1. This method by Bondi and others (Am. J. M. Sc., 1947, 
213:221) is a procedure designed to provide susceptibility levels of the organisms 
present at the time of primary isolation. It does not yield accurate results since the 
error is 25 to 50 per cent in either direction, but it furnishes a simple and rapid means 
for estimating sensitivity. 

2. Prepare sterile disks of Whatman No. 2 filter paper 6.5 mm. in diameter by using 
an ordinary paper punch. Sterilize in a petri plate in the hot air oven. 

3. Prepare 12 ml. of a stock solution of penicillin G in M/50 phosphate buffer 
(pH 7.0) containing 50 units per ml. and distribute into 12 small sterile tubes. These 
are kept frozen and each day a new tube is removed which is used only for that day. 
The 12 tubes constitute a 2-weeks’ supply. 
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4. With alcohol-flamed fine forceps, transfer one disk to the tube of penicillin 
solution. Remove the disk and holding securely give it one vigorous flip to remove 
excess penicillin. Then place it on a freshly streaked agar plate culture as shown in 
Fig. 226. 


Fig. 226. Paper disk method for susceptibility to penicillin and streptomycin. 


Aerobic plates inoculated with Staphylococcus aureus. A, shows high susceptibility to both 
penicillin (left disk) and streptomycin (right disk). B, shows resistance to penicillin (left disk) and 
high susceptibility to streptomycin (right disk). (Courtesy of Dr. Amedeo Bondi, Jr.) (From 
Kolmer, Penicillin Therapy, 2nd ed. Courtesy of D. Appleton-Century Company.) 


5. After 24 hours incubation at 37° C. examine the plates for the type of colonies 
present and estimate the susceptibility of each type by measuring the overall diameter 
of the zone of inhibition and refer to the following scale: 


ZONE OF INHIBITION APPROXIMATE SUSCEPTIBILITY INTERPRETATION 
(uM.) (UNITS PER ML.) 
more than 25 0.16 or less very susceptible 
20 to 25 0.16 to 0.6 moderately susceptible 
10 to 19 0.6 to 2 moderately susceptible 
less than 10 Doss Vio). S) slightly susceptible 
none more than 5 resistant 


These values are based upon the use of 2 per cent peptone infusion agar. They will vary 
somewhat with the medium employed. 


6. If the growth is heavy, the zones of inhibition are smaller than with a light 
growth. The above values were determined with average inocula and this requires 
consideration. The difference in zone diameter between light and heavy inocula is 
from 20 to 30 per cent. 

7. One incidental advantage accruing from the use of antibiotic disks is the 
recognition of small colonies often masked by heavy growths. For example, H. influ- 
enzae colonies are frequently observed in the penicillin zone but are difficult to find 
elsewhere on the plate. 

8. When anaerobic blood agar plates are used, place a penicillin disk on this as 
well as on the aerobic plate. 
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9. The original method used a 15 unit per ml. solution of penicillin which 
measured susceptibility only up to 0.4 units per ml. The 50-unit solution is a modifica- 
tion made necessary by the higher in vivo levels now possible with the use of renal 
blockade agents and large doses. 

10. A practical and useful procedure consists in placing disks of several antibiotic 
compounds on blood agar plates inoculated with material submitted for bacteriologic 
diagnosis (Fig. 227). In this manner a report in 18 to 24 hours may also include a 
preliminary report on the susceptibility of an organism or organisms to penicillin, 
streptomycin, aureomycin, chloromycetin, terramycin and bacitracin (Fig. 227). 


Fig. 227. Paper disk susceptibility tests. 


Plate inoculated with a swab of the throat showing the presence of staphylococci and streptococci. 
P, penicillin. S, streptomycin. B, bacitracin. A, aureomycin. C, chloromycetin. Control, center disk. 
’ - ? 


11. Dehydrated disks containing penicillin are being marketed by the Commercial 
Solvents Corp. and the Difco Laboratories. The manufacturer’s literature describes 
fully the use and interpretation. Tablets to be used in a similar manner and according 
to the method of Hoyt and Levine (Science, 1947, 106:171) are also available commer- 
cially (Boyle and Co., Los Angeles 33, Cal.). 

Determination of Penicillinase Production. 1. Certain types of bacteria, notably 
staphylococci, coliform bacilli and certain gram-positive sporulating bacilli produce 
a specific enzyme which destroys penicillin, 

2. Although susceptible bacteria may produce penicillinase and some resistant 
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ones do not, there is a general correlation between resistance and production of this 
enzyme (J. Bact., 1948, 55:843). 

3. The method (Proc. Soc. Exper. Biol. & Med., 1944, 56:132) is as follows: 
(2) Inoculate trypticase soy broth (page 380) with the test organism and incubate 
at 37° C. At the end of 24 hours remove 1.4 ml. to a sterile tube and add 0.1 ml. of a 
selected dilution of penicillin G. Return the remainder of the culture to the incubator. 

(b) Melt penicillin seed agar (page 401) and cool to 45° C. Seed with Staphylo- 
coccus H (Heatley) at the rate of 0.2 ml. of a 24-hour broth culture per 100 ml. of agar. 
Pour into petri plates; allow the agar to harden and place 6 glass or stainless steel 
cylinders on the surface as in the Oxford cup method of assay. 

(c) Without delay fill 3 cylinders with the penicillin-culture mixture. Incubate the 
plates right side up at 37° C. for 24 hours. 

(d) The concentration of the penicillin solution should be such as to produce a zone 
between 20 and 25 mm. in diameter. This is usually about 0.7 units per ml. after the 
addition of 0.1 ml. to 1.4 ml. of sterile broth. 

(e) Always run the control penicillin solution along with the cultures under test. 

(f) Absence or reduction in the size of the inhibitory zone is evidence of peni- 
cillinase production. Quantitative determinations may be made by using dilutions of 
the culture. 

(g) If there is no evidence of penicillinase in the first test, repeat the procedure 
when the culture has incubated for a total of 4 days. 


METHODS FOR TESTING SUSCEPTIBILITY OF BACTERIA TO 
STREPTOMYCIN 


Principles. 1. Streptomycin is bacteriostatic and also bactericidal. Methods for 
in vitro testing are limited, however, to measuring the bacteriostatic concentration. 

2. The chemotherapeutic significance of streptomycin is its ability to inhibit gram- 
negative bacilli and the tubercle bacillus in nontoxic concentrations. 

3. No specific enzyme, analogous to penicillinase for penicillin, has been found. 
Reducing agents (Science, 1946, 103:399), anaerobic incubation and semicarbazide 
(Proc. Soc. Exper. Biol. & Med., 1946, 62:31), however, are effective neutralizers. 

4. The results obtained by in vitro tests with streptomycin are profoundly influ- 
enced by the reactions and the salt concentration. The use of a test strain not inhibited 
by normal serum (Staphylococcus SM) and of a medium at an alkaline pH with low 
salt concentration are essential for accurate and reproducible results. 

Test Tube Method. Follow the procedure described under the Test Tube Method 
for testing susceptibility to penicillin with the following modifications: 

1. Use streptomycin assay broth (page 402) for the test and for diluting the 
inoculum. 

2. Use substock solutions of streptomycin carrying 500, 250, 100, 50, 25, 10, 5, 2 
and 1 micrograms per ml. 

Paper Disk Method. The procedure is that described for penicillin with the fol- 
lowing modifications: 

1. Use a 500 microgram per ml. aqueous solution in which to immerse the disks. 

2. No disk is placed on the anaerobic plate because of the reduced activity of 
this antibiotic under anaerobic conditions. 
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3. Interpret as follows: 


ZONE OF INHIBITION APPROXIMATE SUSCEPTIBILITY INTERPRETATION 
(M.) (MICROGRAMS PER ML.) 
More than 15 Less than 4 very susceptible 
10 to 15 4 to 20 moderately susceptible 
Less than 10 20 to 25 slightly susceptible 
None More than 25 resistant 


Mycobacterium Tuberculosis. (a) Add to one of the media listed later the follow- 
ing final concentrations of streptomycin: 1,000, 100, 50, 10, 5 and 1 micrograms 
per ml. 

(6) The following media may be used: Petragnani’s or Lowenstein’s as agar 
slants, the addition of antibiotic being made just before inspissation; albumin broth 
(page 399) or Proskauer-Beck medium, 5 ml. per tube. 

(c) Always include a control tube without streptomycin. 

(d) Inoculate by grinding a pure culture in a sterile glass mortar with about 0.5 
mil. of saline. Remove suspension to a small tube and permit heavy particles to settle. 
Use a Pasteur pipet or a cotton-plugged pipet with great care. The inoculum should 
be diluted with saline until there is no gross turbidity. Use one 4 mm. loop inoculum. 

(e) Examine at 3 to 5 day intervals for characteristic growth. Growth in broth 
should be checked by smear if it differs in appearance from that of the control, the 
growth in which should always be identified by smear. 

(f) Clinical specimens of spinal and pleural fluid may be tested directly providing 
the routine cultures are negative for ordinary bacteria. Other types of specimens, such 
as urine and sputum, are first treated and the sediment used. Fluid media are not 
recommended for tests using clinical material. 

Streptomycin Dependency. 1. Certain strains of susceptible species of bacteria 
contain cells which use (and sometimes require) streptomycin for growth. These are 
known as dependent strains. They are distinguished from resistant strains which 
grow with or without the addition of the antibiotic. 

2. Streptomycin dependent mutants may be isolated by selecting single colonies 
from an agar culture containing from 50 to 2,000 micrograms of streptomycin per ml. 
These are subcultured to: (a) an agar medium of the same composition and (0) an 
agar medium not containing streptomycin. Whenever the antibiotic-containing medium 
shows more growth than the control, the colonies should be studied by repeating the 
procedure until no growth occurs in the control culture. 

3. Streptomycin dependent colonies usually appear later than resistant ones. 
Therefore, agar cultures consisting of a relatively few colonies are desirable. Mark 
the colonies as they appear and watch for colonies which are delayed. These are most 
likely to be dependent. 

4. It has been amply demonstrated that some strains of tubercle bacilli may be 
dependent upon streptomycin for growth (Pub. Health Rep., 1948, 63:1177, and Am. 
Rev. Tuberc., 1949, 59:219). The delayed growth of dependent colonies has been used 
successfully by Yegian and others (J. Bact., 1949, 58:257) for the isolation of de- 
pendent strains. They report that cultures on albumin agar did not contain dependent 
colonies at 30 days which, however, were found at 51 and 70 days. Some strains are 
enhanced by the presence of streptomycin but are not completely dependent. 
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METHODS FOR TESTING THE SUSCEPTIBILITY OF BACTERIA 
TO NEOMYCIN 


Principles. 1. Neomycin is a water-soluble, basic and thermostable antibiotic 
derived from an actinomyces species. It is primarily bacteriostatic; bactericidal activ- 
ity is not pronounced. 

2. It has a similar but broader antibacterial spectrum than streptomycin. 

3. It may have a place in the treatment of infections due to gram-negative bacilli. 
But its superiority in tuberculosis is not yet established. 

4. The product available at the present time is not free of toxic properties. 

5. The tendency of susceptible bacteria to become resistant appears to be much 
less pronounced than with streptomycin. 

6. There is no known specific inhibitor. 

Test Tube Method. Same as for penicillin. 

Paper Disk Method. The procedure is that described for penicillin with the fol- 
lowing modifications: 

1. Use a 300 microgram per ml. aqueous solution in which to immerse the disks. 
This is usable for at least 2 weeks if stored in a deep freeze cabinet. 

2. Place disk on an aerobic plate. 

Interpret as follows: 


ZONE OF INHIBITION APPROXIMATE SUSCEPTIBILITY INTERPRETATION 
(tM. ) (UNITS PER ML.) 
more than 25 less than 1 very susceptible 
20 to 25 1 to 4 moderately susceptible 
10 to 20 4 to 12 moderately susceptible 
less than 10 UW {ey a5) slightly susceptible 
none more than 15 resistant 


METHODS FOR TESTING THE SUSCEPTIBILIFY OF BACTERIA 
TO AUREOMYCIN 


Principles. 1. Aureomycin is primarily bacteriostatic but may have limited bac- 
tericidal activity. 

2. Aureomycin is very labile. This fact somewhat alters the methods which other- 
wise are similar to those employed for penicillin. 

3. It is active against a wide range of microorganisms including gram-negative 
bacilli, rickettsiae and large viruses. There is no known specific inactivator. 

4. The development of drug resistant mutants is of a low order similar to that of 
penicillin. 

Test Tube Method. This is the same as for penicillin except that fluid thioglycollate 
medium is used with the following modifications: 

1, Prepare substock solutions containing 100, 25, 5, 1.0, 0.5, 0.25, 0.1 and 0.05 
micrograms per ml. The final broth concentrations will be one-fifth of these amounts. 

2. As inoculum use 0.1 ml. of a 10-* dilution of a 6 to 7 hour broth culture. Slow- 
growing organisms are employed as 18 hour cultures. 

Paper Disk Method. This is a modification of the technic described for penicillin. 

1. Place disks on both aerobic and anaerobic agar plate cultures. 

2. The disks are immersed in a 500 microgram per ml. aqueous solution. This solu- 
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tion may be stored in the frozen state for 2 weeks but it should not be used for more 
than 4 hours after thawing. 


3. Interpretation of the zones of inhibition is made from the following scale: 


ZONE OF INHIBITION APPROXIMATE SUSCEPTIBILITY INTERPRETATION 
(1M. ) (MICROGRAMS PER ML.) 
more than 17 less than 2 very susceptible 
eto ls/ 2 to 6 moderately susceptible 
7 tor l2 6 to 10 moderately susceptible 
none more than 10 slightly susceptible 


or resistant 


METHODS FOR TESTING THE SUSCEPTIBILITY OF BACTERIA 
TO TERRAMYCIN 


Principles. 1. Terramycin is similar to aureomycin in that it is readily absorbed 
from the intestinal tract after oral administration and affects the same wide range of 
bacteria. It differs, however, in being more stable. 

2. Terramycin has only limited bactericidal properties and there is no known spe- 
cific inactivator. 

3. The development of drug resistance is similar to that of penicillin. 

4. Terramycin hydrochloride as currently supplied by the manufacturer, Pfizer 
and Company, is a crystalline product assaying at 900 to 925 micrograms per gram. 
Examine the label and make appropriate correction. The same allowance must be 
made when conducting the susceptibility tests. 

Test Tube Method. Same as for penicillin using trypticase soy broth as the 
medium. 

Paper Disk Method. Essentially the same as for penicillin with the following 
modifications: 

1. Immerse the disks in a 500 microgram per ml. aqueous solution. The crystalline 
base is not very soluble. Dissolve first in a small volume of 0.1 N hydrochloric acid and 
dilute with water. If stored in a deep freeze cabinet, the solution is stable for 2 or 3 
weeks. 

2. Place disks on both aerobic and anaerobic agar plate cultures. 

3. Interpretation of the zones of inhibition is made from the following scale: 


ZONE OF INHIBITION APPROXIMATE SUSCEPTIBILITY INTERPRETATION 
(1M. ) (MICROGRAMS PER ML.) 
more than 20 less than 1 very susceptible 
ES toy AAW, Wey Z very susceptible 
ORTG lis 2 to 8 moderately susceptible 
less than 10 8 to 10 moderately susceptible 
one more than 10 slightly susceptible 


or resistant 


METHODS FOR TESTING THE SUSCEPTIBILITY OF BACTERIA TO 
CHLOROMYCETIN (CHLORAMPHENICOL) 

Principles. 1. Unlike aureomycin, chloromycetin and the synthetic product 
chloramphenicol are unusually stable, being affected very little by a pH range of 2 to 9. 
They will withstand boiling up to 5 hours. 

2. There is no pronounced bactericidal activity. 
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3. Their antibacterial spectrum is similar to that of aureomycin. No specific 
inhibitor has been reported. 

Test Tube Method. Same as for penicillin using trypticase soy broth with the 
following modifications: 

1. Prepare substock solutions containing 200, 50, 10, 2, 0.5, 0.25, 0.1 and 0.05 
micrograms per ml. The final concentrations in broth will be one-fifth as much. 

2. Use 0.1 ml. inoculum from a 1:100 dilution in trypticase-soy broth of a 6 to 7 
hour broth culture. An 18 hours culture may be used for slow-growing cultures. 

Paper Disk Method. The same as for penicillin with the following modifications: 

1. The disks are immersed in an:aqueous solution of chloramphenicol containing 
700 micrograms per ml. The tubes containing antibiotic solution may be stored in the 
same manner as with terramycin. 

2. Interpretation of the zones is made from the following scale: 


ZONE OF INHIBITION APPROXIMATE SUSCEPTIBILITY INTERPRETATION 
(M.) (MICROGRAMS PER ML.) 
more than 20 less than 2 very susceptible 
15 to 20 2 to 4 very susceptible 
10 to 15 4 to 6 moderately susceptible 
less than 10 6 to 8 moderately susceptible 
none more than 8 slightly susceptible 


or resistant 


METHODS FOR TESTING THE SUSCEPTIBILITY OF BACTERIA 
TO BACITRACIN 


Principles. 1. The available tests are bacteriostatic in nature although this anti- 
biotic is bactericidal in low concentrations. It is a relatively toxic polypeptide. 

2. Its practical use appears to be limited to the treatment of infections with 
penicillin-resistant staphylococci, enterococci and Endameba histolytica. 

3. No specific inhibitor has been reported. 

Test Tube Method. The same as for penicillin with the following modifications: 

1. Use an inoculum consisting of 0.1 ml. of a 10° dilution of a 6 to 7 hour culture. 
Slow-growing cultures are employed at 18 hours. 

2. Prepare substock solutions carrying 50, 20, 5, 2.5, 1.0, 0.5, 0.25 and 0.1 units 
per ml. The final concentrations will be one-fifth as much. 

Paper Disk Method. 1. Employ the technic described for penicillin. 

2. Immerse the disks in a saline solution containing 75 Meleney units per ml. 
Prepare and preserve as described for penicillin. 

3. Interpret the zones by consulting the following scale: 


ZONE OF INHIBITION APPROXIMATE SUSCEPTIBILITY INTERPRETATION 
(MM.) (UNITS PER ML.) 
more than 20 less than 0.5 very susceptible 
15 to 20 0.5 to 4 very susceptible 
10 to 15 4 to 10 moderately susceptible 
less than 10 10 to 12 slightly susceptible 
none more than 12 slightly susceptible 


or resistant 


METHODS FOR ASSAYING PENICILLIN IN BODY FLUIDS 565 


METHOD FOR TESTING THE SUSCEPTIBILITY OF BACTERIA 
TO POLYMYXIN 


1. At the present time there is much confusion in regard to the identities and 
relationships of aerosporin (polymyxin A, B, C?), polymyxin D, circulin (Q19) and 
polypeptin (J. Bact., 1949, 58:115). 

2. The Oxford cup method used for assaying solutions and body fluids appears not 
to be applicable to polymyxin (J. Bact., 1947, 54:585). 

3. Nor has a filter paper disk method been reported for testing susceptibility. 

4. There appears to be no reason, however, why the test tube dilution method 
for determining penicillin susceptibility can not be applied using trypticase soy broth. 


METHOD FOR TESTING THE SUSCEPTIBILITY OF BACTERIA 
TO TYROTHRICIN 


Principles. 1. This is a mixture of tyrocidin and gramicidin which are water- 
insoluble polypeptides. 

2. Tyrothricin is so hemolytic that it is used only by topical application. 

3. Its activity is greatest against gram-positive organisms and the neisseria; its 
activity is sharply reduced by blood and tissue protein. No specific enzyme inhibitor 
has been reported. 

Method. 1. Due to its insolubility in water, tyrothricin cannot be tested by the 
paper disk method. 

2. It is possible to make dilutions in alcohol-propylene glycol which are used for 
conducting the test tube method described for penicillin. Use trypticase soy broth. 


GENERAL PROPERTIES OF ANTIBIOTICS 


1. Theoretically, any antimicrobial substance of biologic origin is an antibiotic. 
The best known are the penicillins, streptomycin, aureomycin, chloromycetin (chloram- 
phenicol), bacitracin, tyrothricin, neomycin and terramycin. 

2. Many others appear promising and ready for clinical trial. Among these there 
are aerosporin (polymyxin B), polymyxin D, circulin (Q19), viomycin, eumycin, 
subtilin, nocardin and mycomycin. 

3. The usefulness of each depends upon a low degree of tissue toxicity and an anti» 
microbial activity for one or more pathogenic organisms superior to that of any anti: 
biotic already available. 

4. Several hundred antibiotic agents have been isolated but are still in the stage 
of preliminary study. 

5. Table 34 contains pertinent information on 15 selected antibiotics. 


METHODS FOR ASSAYING PENICILLIN IN BODY FLUIDS 

A number of methods have been proposed for the detection and assaying of peni- 
cillin in the blood, plasma, serum, spinal fluid, urine, exudates (bronchial, pleural and 
synovial) and other body fluids in relation to its dosage and routes of administration 
in the treatment of disease. At the present time, however, there are no chemical 
methods for these purposes; all are of necessity microbiologic in character and are 
based upon the degree of bacteriostatic or bactericidal activity of penicillin in these 
materials in vitro for penicillin-sensitive microorganisms as compared with solutions of 
a standard penicillin of known unitage. 
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Collection of Materials. Whole blood is not ordinarily employed and especially 
not in the Oxford cup method because the sedimentation of erythrocytes interferes 
with the diffusion of penicillin from the cups into the agar medium. Serum or plasma 
is generally used, especially the former, and is stated to carry about 90 per cent of the 
penicillin in the blood. About 5 ml. of blood should be collected aseptically at the time 
of likely peak concentration and again just before the next dose. If serum is to be 
tested, each specimen should be placed in a sterile test tube for coagulation and the 
separation of serum. If whole blood or plasma is to be tested place 5 ml. of blood in 
a test tube carrying 0.8 ml. of a sterile 2.5 per cent solution of chemically pure sodium 
citrate evaporated to dryness in the tube for the prevention of coagulation. It is advis- 
able to centrifuge the serum or plasma, if necessary, for the removal of erythrocytes. 
In the case of spinal fluids and exudates the method of collection should be the same 
as for whole blood or plasma when coagulation is expected to occur. All specimens 
should be immediately placed in a deep freeze cabinet and stored there until tested 
to preserve the penicillin. 

Glassware. Rinse all glassware very thoroughly and sterilize with dry heat. 

Standard Penicillin. Penicillin assays require that a standard penicillin of known 
unitage be tested side by side with the unknowns, and the values of the latter calcu- 
lated from a standard curve. Small amounts of dry standard penicillin may be ob- 
tained from manufacturing laboratories or the Food and Drug Administration, 
Antibiotic Section, Washington, D. C. 

The dry standard, and solutions prepared from it should be placed in tightly- 
stoppered vials, which in turn are placed in larger stoppered tubes containing an- 
hydrous calcium sulfate, and stored in a refrigerator at all times. The container of 
dried standard penicillin G should be allowed to come to room temperature in a 
desiccator before opening. For a stock solution, 5 mg. are accurately weighed as 
rapidly as possible on an analytical balance. The stock solution is made to contain 
32 Oxford units per ml. (1 mg. of crystalline penicillin G contains 1,667 units) with 
sterile 1 per cent phosphate buffer (pH 6.0) prepared as follows: 2.25 gm. anhydrous 
Na,HPO, and 13.6 gm. anhydrous KH,PO, are weighed and ground together in a 
mortar. Store in tightly-stoppered tube. Dissolve 1 gm. in 100 ml. of distilled water. 
It is best to keep this stock solution frozen because at ordinary refrigerator tempera- 
tures it tends to lose activity slowly over a period of a few weeks. For use, 0.5 ml. of 
this stock solution is diluted with 7.5 ml. of distilled water to give 2 units per ml. 
Subsequent dilutions to give the desired final concentrations used for making up the 
standard curve may be prepared as follows: 


SOLUTION CONTAINING 
po Rs Ee EL, BUFFER FINAL CONCENTRATION 

ie ML. (UNITS PER ML.) 
2.0 0) 2.0 

1.6 0.4 1.6 

VEZ 0.8 eZ, 

0.8 eZ 0.8 

0.5 135 0.5 

0.2 


All standard solutions should be kept cold until use. 
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Oxford Cup (Cylinder Plate) Method. This method is based upon that of 
Abraham and others (Lancet, 1941, 2:177). Under proper technical conditions it 
possesses an accuracy near + 15 per cent. In principle it depends upon the diffusion 
of penicillin from material placed in cups in agar plates seeded with the test micro- 
organism. Any penicillin-sensitive culture of Staphylococcus aureus may be employed 
but it is advisable to use the Heatley strain, designated as Staphylococcus aureus H, 
Staphylococcus 9144 (American Type Culture Collection) or Staphylococcus F.D.A. 
209-P. The diffusion of penicillin into the seeded agar produces clear zones of inhibi- 
tion of growth around the cups the diameters of which vary with the amount of 
penicillin in the material being assayed. It is of particular value whenever exudates 
or contaminated fluids are being tested since the sterility of specimens is not essential. 

1. Inoculate a tube of penicillin assay broth (page 402) and incubate for 16 to 
24 hours at 37° C. 

2. Into sterile petri plates pour 21 ml. of melted penicillin base agar (page 402). 
Allow to harden and use glazed porcelain covers. 

3. Add 2.0 ml. of the broth culture to 100 ml. of penicillin seed agar (page 401) 
which has been melted and cooled to 45° C. Mix well and add 4 ml. to each plate 
already containing 21 ml. of the base agar. Tilt the plates to distribute the inoculum 
evenly. Allow to harden. 

4. The cups are small cylinders made of glass (Fig. 228) or stainless steel (Fig. 
229) and may be obtained from any laboratory supply house. They should be of 


Fig. 228. Glass cylinders used in the Oxford cup method. 
(Courtesy of Merck & Company, Inc.) 


uniform size. Perfectly flat edges are desirable; chipped or uneven cylinders should 
not be used. The cylinders should be sterilized with dry heat in an upright position 
in petri plates. 

One end of each cylinder is warmed by passing it momentarily through a bunsen 
flame by means of a forceps and set lightly on the surface of the seeded agar. The 
cups should not be warm enough to sink into the agar. Properly sealed cups do not 
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permit any free liquid to escape from the cup during the whole incubation period. 
Six cups are placed equidistantly around each plate. After setting the cups each plate 
should be immediately returned to the refrigerator. Three plates should be prepared 
for the standard penicillin and 3 for each specimen to be assayed. 

Each cup should be filled almost to the top but extreme accuracy is not essential 
since minor variations in the amounts of fluid have little or no effect upon the results. 
A single sterile medicine dropper or pipet may be used. The individual cups need not 
be marked if a vertical wax pencil mark is made on the side of the petri plate opposite 
one of the cups. Beginning with that cup, the others are identified by clockwise 
sequence. 


Fig. 229. Stainless steel cylinders used in the Oxford cup method. 
(From Kolmer, Penicillin Therapy, 2nd ed. Courtesy of D. Appleton-Century Company.) 


5. Remove from the refrigerator 3 seeded plates with the cups in position and 
fill 1 cup on each plate successively with each of 6 dilutions of standard penicillin 
carrying 0.2 to 2.0 units per ml. Immediately place the plates in an incubator at 37° C. 
for at least 18 to 24 hours. 

6. If the fluid to be tested is believed to contain less than 1 unit of penicillin 
per ml. it need not be diluted. Fill a cup with the fluid. Under these circumstances 1 
dish with 6 cups suffices for the examination of 6 fluids but 3 dishes are used for 
greater accuracy. If the fluid to be tested is believed to contain more than 1 unit of 
penicillin per ml., it should be diluted with the sterile 1 per cent phosphate buffer 
(pH 6.0) to contain not more than 0.5 to 1.0 Oxford unit per ml. One cup in each of 
3 dishes should be filled with the diluted fluid. Incubate the dishes in the same manner 
as with the standard penicillin. 

7. After incubation, different sizes of clear circular zones of inhibition of growth 
of Staphylococcus aureus are observed depending on the concentration of penicillin 
in the cups (Fig. 230). Sometimes when Staphylococcus aureus H is used the clear 
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zone Of inhibition around a cup is surrounded by a halo of partial inhibition, which 
varies from a faint ghost to almost complete inhibition. The cause of this phenomenon 
is unknown. Each zone should be measured with a millimeter rule or with a penicillin 
zone reader (Fisher Scientific Co.). 


Fig. 230. Oxford cup assay method. 


Top plate shows cups on seeded agar ready for incubation. Lower right plate shows inhibition 
zones for a standard curve after incubation. Lower left plate shows inhibition zones produced by six 
unknown specimens. Read clockwise. (From Kolmer, Penicillin Therapy, 2nd ed. Courtesy of 
D. Appleton-Century Company.) 


8. Calculate the average zone diameters for the corresponding cups on the 3 plates 
carrying the 6 dilutions of standard penicillin and prepare a standard curve as shown 
in Figure 231. 

9. Calculate the average zone diameters for the material being tested and project 
from the ordinate horizontally to the standard curve and thence vertically to the 
abscissa which gives the unitage of penicillin producing the same zone inhibition as 
the fluid being tested. If the specimen being tested has been diluted, multiply by the 
dilution factor. The result expresses the penicillin content of the specimen being tested 
in terms of units of penicillin per ml. Greatest reliability of results is obtained if the 


572 DIAGNOSTIC BACTERIOLOGIC METHODS 


values for the unknown fall within points on the standard curve corresponding to 
about 0.3 to 1.4 units per ml. 

10. Maintain the test strain of staphylococcus by weekly subcultures on slants 
of penicillin seed agar which are stored in the refrigerator after 24 hours incubation 
AGW igedl Os 

Simplified Oxford Cup Method. This method may be conducted as follows: 

1. Use Staphylococcus H or 209-P. Maintain on nutrient agar and store in the 
refrigerator. Subculture weekly. 

2. For testing, employ an 18 to 24 hour culture incubated at 37° C. in penicillin 
assay broth. 

3. Melt penicillin assay seed agar a cool to 45° C. Add 0.2 ml. of broth culture 
per 100 ml., mix well and pipet 15 ml. into each petri plate. Store in the refrigerator 
until just before use. 

4. Prepare a set of dilutions of a penicillin working standard in sterile 1 per cent 
phosphate buffer (pH 6.0) containing 0.1, 0.25, 0.5, 0.75, 1.0 and 1.5 units per ml. 

5. Place 6 cylinders on each plate. 
With a pipet fill 3 cups with each dilu- 
5 ae ae ee tion of the standard solution. 

6. Similarly fill 3 cups with the un- 
diluted body fluid and another with such 
dilutions in saline as are indicated by 
the source and dosage schedule. 

7. The accuracy of this procedure 
will be increased if the final dilutions of 
the standard solution of penicillin are 


7EFe [1/7 


N made in serum. By doing this the protein 
Xf adsorption effect will be approximately 
Q the same in both the standard and the 
My body fluid being tested. 

g 8. Incubate for 24 hours at 37° C. 
N and measure the zones of inhibition. 


Construct a standard curve (page 571), 
and arrive at the concentration of peni- 
culin in the unknown by comparison 


Oe Ee ee he 
(oll el Ba ee Pe eek Ree) with the standard values. 
AE ee a ars Fe Rammelkamp Method. 1. In this 
Ol 0.2 03 04 06 08 10 12 14/648 20 method (Proc. Soc. Exper. Biol. & Med., 
Fig. 231. Example of a standard curve derived from 1942, 51:95) arrange a series of 12 small 
the Oxford cup method. sterile test tubes and place 0.2 ml. of veal 
infusion broth in each except No. 1. 

2. Place 0.2 ml. of the specimen in Nos. 1 and 2; mix No. 2 and transfer 0.2 ml. 
to No. 3; mix No. 3 and transfer 0.2 ml. to No. 4 and so on to No. 12 from which 
discard 0.2 ml. after mixing. The dilutions are now 0, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 
1:128, 1:256, 1:512, 1:1024 and 1:2048 respectively. If the material being tested 
is known to contain a very small quantity of penicillin, an additional tube carrying 
0.5 ml. of the material may be added. 

3. Arrange a second series of 12 test tubes and place 0.2 ml. of veal infusion broth 


—] 
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in each except No. 1. Prepare a solution of standard penicillin in 0.85 per cent saline 
solution carrying 20 Oxford units per ml. Place 0.2 ml. in Nos. 1 and 2; mix No. 2 
and transfer 0.2 ml. to No. 3; mix No. 3 and transfer 0.2 ml. to No. 4 and so on to 
No. 12 from which 0.2 ml. is discarded after mixing. The tubes now carry 4, 2, 1, 0.5, 
0.25, 0.125, 0.0625, 0.03125, 0.0156, 0.0078, 0.0039 and 0.00195 units respectively. 

4. Cultivate a penicillin-sensitive strain of hemolytic streptococcus belonging to 
group A in an infusion broth containing 1 per cent rabbit erythrocytes for 18 hours 
at 37° C. Dilute with the medium so that the final number of streptococci varies from 
1,000 to 10,000 per ml. Add 0.5 ml. to each tube of both series. 

5. Set up a culture control of 0.2 ml. of veal infusion broth plus 0.5 ml. of the 
diluted culture. 

6. Incubate all tubes at 37° C. for 18 hours. Streak a 4 mm. loop of the cultures 
near the end-point on blood agar plates as a check of sterility. 

7. The concentration of penicillin in the specimen being tested is determined by 
multiplying the highest dilution showing sterility and no hemolysis by the smallest 
amount of standard penicillin in units showing sterility and no hemolysis as per the 
following example: 


Highest sterile dilution of specimen = 1:64 


Smallest sterile amount of penicillin = 0.0039 units 
64 X 0.0039 = 0.2496 units penicillin per 1 ml. of specimen 


Kolmer Broth Dilution Method. 1. For each specimen arrange 10 small (13 & 
100 mm.) sterile test tubes. Place 1.5 ml. of beef-heart infusion broth containing 
0.25 per cent glucose in No. 1 and 1 ml. in each of the remaining tubes. 

2. Add 0.5 ml. of the specimen being tested to tube No. 1; mix and transfer 1 ml. 
to No. 2; mix No. 2 and transfer 1 ml. to No. 3 and so on to No. 10 from which 1 ml. 
is discarded after mixing. The final dilutions are now 1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 
1:256, 1:512, 1:1024 and 1:2048 respectively. 

3. Prepare a solution of standard penicillin in cold saline solution or M/50 
phosphate buffer at pH 7.0 carrying 4 units per ml. 

4. Set up a second series of 10 small sterile test tubes and place 1.5 ml. of sterile 
beef-heart infusion glucose broth in No. 1 and 1 ml. in each of the remaining tubes. 
Add 0.5 ml. of the solution of penicillin to tube No. 1; mix and transfer 1 ml. to No. 2; 
mix No. 2 and transfer 1 ml. to No. 3 and so on to No. 10 from which 1 ml. is dis- 
carded after mixing. The tubes now contain 1, 0.5, 0.25, 0.125, 0.0625, 0.031, 0.016, 
0.008, 0.004 and 0.002 units respectively. 

5. Cultivate Staphylococcus aureus H or any penicillin-sensitive strain of Staphy- 
lococcus aureus, in broth for 6 to 8 hours at 37° C. Dilute 1:1000 with sterile broth 
and with a sterile 1 ml. pipet add 1 drop to all tubes of both series. 

6. Prepare a culture control of 1 ml. of glucose broth to which is added 1 drop 
of the diluted culture. 

7. Mix and incubate all tubes at 37° C. for 18 to 24 hours. 

8. The culture control should show a good growth. Examine the series of tubes 
carrying the varying amounts of penicillin and record the smallest amount of penicillin 
in units (highest dilution) showing inhibition of growth. Examine the series of tubes 
carrying the specimen being tested and record the highest dilution showing inhibition 


of growth. 
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9. Multiply the highest inhibiting dilution of the specimen by the smallest inhib- 
iting amount of penicillin in units. The result expresses the approximate amount of 
penicillin in units per ml. of specimen being tested as per the following example: 

Highest inhibiting dilution of specimen = 1:32 
Smallest inhibiting amount of penicillin = 0.008 units per ml. 
32 X 0.008 = 0.256 units penicillin per 1 ml. of specimen. 


Randall Broth Dilution Method. This method (Science, 1945, 101:365) has been 
modified in our laboratory in that Staphylococcus H is used as the test organism with 
trypticase soy broth as the medium. The original test is conducted as follows: 

1. Use B. subtilis strain No. 558 from the Northern Regional Research Laboratory, 
U.S.D.A., Peoria, Ill. 

2. Arrange 9 small test tubes in series. 

3. Place 0.5 ml. of penicillin assay broth (page 402) in each tube except tube No. 1. 

4. Add 0.5 ml. of the test fluid to Nos. 1 and 2. Mix the contents of No. 2 and 
transfer 0.5 ml. to No. 3; mix and transfer 0.5 ml. to No. 4, continue to No. 9. Discard 
0.5 ml. from tube No. 9. The final dilutions of the test substance (after addition of 
inoculum) will range from 1:4 in tube No. 1 to 1:1,024 in tube No. 9. Use a separate 
pipet for each tube. 

5. Prepare a standard solution of penicillin G in sterile normal serum so that it 
contains one unit per ml. and allow to stand for 15 minutes. Add 0.5 ml. to tubes Nos. 
1 and 2 of a second series of tubes each containing 0.5 ml. of broth and carry out 
serial dilutions as before. These tubes will carry final concentrations ranging from 0.25 
units per ml. in the first tube to 0.01 units in No. 9. Use a separate pipet for each tube. 

6. INocuLATION. 1.5 ml. of a 1:100 dilution of an 18 hour culture. Use the same 
broth medium for making this dilution. Inoculate each tube. 

7. Incubate for a full 24 hours. Examine for evidence of growth after gently 
shaking each tube. Determine the last clear tube in each set. These are the end-points. 

8. Interpret as follows: if tube No. 7 of the standard series is the end-point and 
tube No. 5 of the test series is the end-point, the penicillin concentration of the 
unknown is 0.25 units per ml. Since the unknown gave the same results as one unit of 
penicillin (inhibited growth) when it was diluted one-fourth as much as the standard, 
it follows that the unknown must have contained one-fourth of one unit per ml. The 
interpretation of test results with two different sera follows: 


TUBE NO. 


Standard 


Serum A 


Serum B 


Serum A contains 0.125 units per ml.; serum B, 2.0 units. 

9. The technic just described has been modified from the original described by 
Randall and others by the addition of serum to the standard titration since it has been 
shown by Eagle and Tucker (J. Bact., 1948, 56:59) that serum and other body fluids 
bind penicillin. Inclusion of serum produces similar conditions in both series of tubes, 
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METHODS FOR ASSAYING STREPTOMYCIN IN BODY FLUIDS 

Oxford Cup (Cylinder Plate) Method. 1. The procedure is basically that em- 
ployed for assaying penicillin. 

2. Use a working standard obtained from the Food and Drug Administration, 
Washington, D. C. Preserve as with penicillin. This standard has a potency of 800 
micrograms per mg. Dissolve in 0.05 M potassium phosphate buffer (pH 6.0). Once 
prepared, this standard is stored in the refrigerator and is good for a month. 

3. The working solution is prepared fresh from the stock solution in 0.1 M potas- 
sium phosphate buffer at pH 7.8 to 8.0. A 20 microgram per ml. solution is convenient. 

4. Use streptomycin assay agar (page 402) for carrying out the tests and penicillin 
assay seed agar for carrying the culture. 

5. The test strain is B. subtilis (American Type Culture Collection, No. 6633). 
Grow the culture on agar for one week at 37° C. Suspend the growth in sterile distilled 
water and heat at 65° C. for 30 minutes. Wash the spore suspension 3 times with dis- 
tilled water and heat again at 65° C. for 30 minutes. Store at refrigerator temperature. 
This suspension is good for an indefinite period if stored properly. The proper amount 
of spore suspension needed for seeding 100 ml. of agar must be determined by trial. 

6. Prepare agar plates as with penicillin, but use streptomycin assay agar for both 
the base and seed layers. 

7. A standard curve must be obtained in the same manner as with penicillin. Dilute 
the working standard solution in 0.1 M phosphate buffer (7.8 to 8.0) to give 0.6, 0.7, 
0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, and 1.5 micrograms per ml. 

8. The cylinder plate method just described yields accurate and reproducible re- 
sults, but is time-consuming and exacting. For ordinary assays of body fluids one of 
the following procedures is satisfactory. 

Stebbins and Robinson Cup Method. This method (Proc. Soc. Exper. Biol. & 
Med., 945, 59:255) has been found suitable for the detection and assaying of strepto- 
mycin in serum, spinal fluid, urine and other body fluids of man and the lower animals 
and is generally employed. 

1. Use a culture of Staphylococcus aureus SM obtainable from any laboratory 
which does antibiotic assays. Maintain by daily transfer in F.D.A. broth (page 381) 
aiesqi eC: 

2. Using a 6 hour broth culture a serial ten-fold dilution is made through 10* in 
broth. A final dilution to 10°’ is then made directly into melted streptomycin assay agar 
which has been previously cooled to 45° C. 

3. Using a sterile calibrated wide-mouth pipet, place 10 ml. of this melted seeded 
agar in each of a series of sterile petri plates which are then set aside until the agar 
solidifies. 

4. Warm slightly 4 penicylinders by passage through a bunsen flame and place 
them immediately and equidistantly upon the surface of an agar plate which seals the 
cylinders with the medium. 

5. Fill the cylinders with serum or other fluids for assay. Serum may be used un- 
diluted but, if the presence of large amounts of streptomycin is suspected, dilutions 
with normal human serum or normal saline solution should be employed to contain 
approximately 5 to 15 micrograms (units) per ml. This will insure a reading which 
falls on the steep part of the standard curve. This is particularly important with urine 
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and spinal fluid in which dilutions up to 1:100 with distilled water may be necessary. 
Transudates, pus and bronchial secretions may be used undiluted. 

6. Incubate the plates at 30° C. for 18 to 24 hours when the diameters of the 
zones of inhibition are measured in millimeters. 

7. It is necessary to include 2 plates carrying 4 penicylinders each for the con- 
struction of a standard curve. These 8 cylinders are filled with dilutions of serum 
obtained from each patient prior to the administration of streptomycin carrying 1, 2, 
4, 8, 12, 16 and 20 micrograms (units) per ml. 

8. Plot the diameters of the resulting zones of inhibition as ordinates against the 
concentrations of the standard as abscissae. The concentration of streptomycin in the 
material being assayed is obtained by determining from the standard curve the strepto- 
mycin concentration corresponding to the diameter of the zone of inhibition and cor- 
recting for the dilution. This method is satisfactory for the detection and assaying of 
1 to 20 micrograms (1 to 20 units) per ml. of fluid being tested. 

Broth Dilution Method. 1. Conduct in the same manner as with penicillin. 

2. Use staphylococcus SM, and streptomycin assay broth. 

3. Prepare a set of substock solutions containing 20, 15, 10, 7.5, 5, 2.5, 1.0, 0.5 
and 0.2 micrograms per ml. Prepare the 20 and 15 microgram solutions in sterile serum, 
the others in distilled water. 

4, The interpretation is similar to that described for penicillin. 


METHODS FOR ASSAYING NEOMYCIN IN BODY FLUIDS 


These are the same as the broth dilution methods employed for assaying penicillin 
in the body fluids. Staphylococcus H is a satisfactory test organism (Science, 1949, 
109:305). 


METHODS FOR ASSAYING AUREOMYCIN IN BODY FLUIDS 


Oxford Cup Method. 1. The technic is the same Oxford Cup procedure employed 
with penicillin, using penicillin seed agar and penicillin assay broth. 

2. Obtain the dry standard from the Food and Drug Administration. Weigh out 
and dilute the standard solution in 1.0 per cent potassium acid phthalate-tartaric acid 
buffer (pH 3.0) to give 1,000 micrograms per 100 ml. Store in the refrigerator. This 
is good only for 3 days. Prepare working standard solutions in the same buffer. Make 
unknown dilutions in the same manner. 

3. The test strain is Sarcina lutea P.C.I. No. 1001 obtainable from the Food and 
Drug Administration. Maintain on agar slants and transfer weekly. Inoculate the seed 
layer with a broth suspension of a 24 hour agar culture incubated at 26° C. 

4. For the standard curve use standard solutions containing 4, 6, 8, 10, 13, 17, 
22, and 29 micrograms per ml. 

5. Incubate cylinder plates for 18 hours at 37° C. 

Broth Dilution Method of Herrell and Heilman. This method (Proc. Staff Meet., 
Mayo Clin., 1949, 24:157) is as follows: 1. Freeze the specimen at once. 

2. The test organism may be any which is highly susceptible and not unduly influ- 
enced by the presence of body fluids. The recommended strain is Bacillus cereus No. 5, 
obtainable from the Lederle Laboratories, Pearl River, N. Y. 

3. The use of thioglycollate medium is recommended because the deterioration of 
aureomycin is less than in other media. 
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4. Inoculate the test organism to a tube of nutrient broth (page 374) and incubate 
at 37° C. for 6 to 7 hours. Add 1.0 ml. to 100 ml. of fluid thioglycollate medium (page 
379) and mix well. Add 2 ml. volumes to each of 8 small sterile tubes. 

5. Prepare a standard 1,000 microgram per ml. solution of aureomycin hydro- 
chloride which may be stored only if it can be kept in a deep freeze or CO. cabinet. 

6. Prepare appropriate dilutions in thioglycollate medium. Add 2 ml. of a 1.0 micro- 
gram per ml. solution to tube No. 1. Carry out serial dilutions by transferring 2 ml. to 
tube No. 2, continue until 2 ml. is discarded from tube No. 8. These tubes contain 
0.5, 0.25, 0.125, 0.06, 0.03, 0.016, 0.008 and 0.004 micrograms per ml. respectively. 
Use separate pipets for each tube. 

7. Set up the test sample in the identical manner except that this series contains 
12 tubes. 

8. Incubate overnight at 30° C. (or room temperature). Examine for turbidity. 
The end-point for the standard should be the 0.016 or 0.03 tube. 

9. The highest dilution of the sample causing inhibition (end-point) multiplied by 
the end-point concentration of the standard gives the concentration of aureomycin in 
the sample. 

10. The results must be taken as approximations since deterioration of aureomycin 
occurs during incubation. Report, for example, as containing, “At least 0.48 micro- 
grams per ml.” 


METHODS FOR ASSAYING TERRAMYCIN IN BODY FLUIDS 

1. Accurate assays may be conducted according to the turbidimetric method of 
Kersey (J. Am. Pharm. A., 1950, 39:252) employing Kleb. pneumoniae (P.C.I. 602) 
and a special beef extract agar containing 1.5 per cent yeast extract as recommended 
by the Food and Drug Administration. 

2. For practical purposes, however, the broth dilution method for penicillin is 
recommended. Use trypticase soy broth and Staphylococcus H. 

3. Prepare standard solution by dissolving 25 mg. of crystalline terramycin base 
in 100 ml. of 0.1 N HCl. This may be stored at 4° C. for at least 5 days. Make final 
dilutions of the standard in distilled water. As currently supplied by Pfizer and Com- 
pany terramycin hydrochloride assays at 900 to 925 units per milligram; the pure 
product should contain 1000 units per milligram. Therefore, examine the label of each 
bottle and, if necessary, make appropriate correction. 


METHODS FOR ASSAYING CHLOROMYCETIN (CHLORAMPHENICOL) 
IN BODY FLUIDS 

Oxford Cup Method. 1. This employs the same test organism and culture media 
as in assays of aureomycin. 

2. Weigh out the dry standard and dissolve in 3 to 5 ml. of 95 per cent ethyl 
alcohol. Dilute in 1 per cent phosphate buffer (pH 6.0) to contain 100 micrograms 
per ml. 

3. In preparing the standard curve use working standards of 70, 65, 60, 55, 40, 35 
and 30 micrograms per ml. 

Broth Dilution Method. 1. Use strain of Sarcina lutea (P.C.I. No. 1001) from 
the Food and Drug Administration as the test organism. 
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2. Use trypticase soy broth as the medium, but otherwise follow the same broth 
dilution technic as for aureomycin. 

3. Prepare a standard solution of 1000 micrograms per ml. in pH 6.0 buffer. Store 
in the refrigerator. 

4. On the day of testing, prepare a 1 microgram per ml. solution in trypticase 
soy broth. 


METHOD FOR ASSAYING BACITRACIN IN BODY FLUIDS 


Oxford Cup Method. This may be conducted according to the method described 
by Bond and Nook (Science, 1948, 107:228) as follows: 

1. The test organism is a strain of hemolytic streptococcus labeled Upjohn 24-5 
and obtainable from the Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 
Actually any highly susceptible organism will do. Transfer weekly on blood agar if a 
streptococcus is selected, and make daily subcultures in trypticase soy broth (brain- 
heart infusion originally recommended). 

2. Add 20 ml. of penicillin assay seed agar to petri plates. Allow these to harden. 

3. Add 4 ml. of trypticase soy agar which has been inoculated with 5 ml. of an 
18 hour culture of the test organism per 100 ml. of agar. 

4. Conduct the Oxford cup method as described for the assay of penicillin. 

5. Prepare 6 working solutions from a standard 100 unit per ml. solution in phos- 
phate buffer at pH 6.0 as follows: 1.0, 0.1, 0.08, 0.06, 0.04 and 0.02 units per ml. 

6. Body fluids are tested undiluted or in buffered dilutions as indicated. 

7. Incubate the plates 18 hours at 37° C., make zone readings and evaluate on the 
basis of the standard curve. 


as 


METHODS FOR THE PREPARATION OF 
BACTERIAL VACCINES 


In this chapter are described methods for the preparation of such autogenous and 
stock bacterial vaccines as may be required of a clinical laboratory. 


PREPARATION OF CULTURES 


1. Freshly isolated organisms are preferred. 

2. The method employed for making cultures is very important in order to secure 
the organism or organisms responsible for infection. Faulty methods may result in 
securing only saprophytes or contaminating organisms and defeat the purpose of 
vaccine therapy at the outset. 

3. It is particularly important to use the proper medium and especially so when 
infection with fastidious organisms is suspected (streptococci, pneumococci, and A. 
influenzae). Blood agar and brain-heart or trypticase soy broth are recommended for 
routine use. The preliminary examination of a stained smear of pus or other material 
is advised and aids in choosing the proper medium. 

4. Incubate cultures for 24 to 48 hours; examine smears stained by the Gram 
method. 

5. If more than one organism is present, secure each in pure culture by plating. 
While the vaccine is being prepared, subcultures of each may be subjected to final 


identification. 
6. When an organism shows both smooth and rough colonies, select the former for 


the vaccine. 

7. Cultivate the organism or organisms on solid medium until sufficient growths 
are secured; or cultivate in a broth medium and centrifuge thoroughly. Discard the 
supernatant fluid and use the sediment of bacteria. 

8. Examine each culture by stained smear for purity. 


SELECTION OF ORGANISMS 


1. In mixed infections with two or more organisms a selection must be made of 
those to be incorporated in autogenous vaccines. Do not use spore-forming bacilli 
(such as B. subtilis) nor normal inhabitants of mucous membranes or the skin (such 
as coagulase-negative staphylococci or diphtheroids). Organisms of secondary infection 
may be included. 

2. Intracutaneous tests with individual vaccines of each organism are sometimes 
employed for aid in selection on the principle that only those yielding positive allergic 
reactions should be employed as indicative of infection. Great care is required since 
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skin reactions may be purely inflammatory and nonspecific, or due to the presence of 
toxins for which there are insufficient amounts of antitoxin in the blood. The exact 
value or status of the method is as yet unknown. 

The Heist-Cohen Pathogen-Selective Method. This method may be helpful on 
the basis that only those organisms capable of surviving and growing in the whole 
coagulated blood of the patient are apt to be infective. It is possible, however, that 
an organism unable to grow in the blood or produce septicemia may still be able to 
produce local infection. 

1. Secure material to be cultured on sterile swabs (from nose, tonsils, extracted 
teeth, tooth sockets, sputum and pus), and rub each swab on the bottom of dry 
sterile tubes into which 1 or 2 drops of broth have been placed. 

2. Then place the swabs into tubes of broth for controls and also for use in pre- 
paring the vaccine. 

3. Immediately secure from 10 to 12 ml. of blood from a vein at the elbow of 
the patient with a sterile syringe and with aseptic precautions. Add to a sterile tube 
containing 0.5 ml. of a sterile 20 per cent solution of sodium citrate. 

4. Place 3 to 5 ml. of blood in each tube in which material has been smeared. 

5. Incubate the blood and the control tubes for 24 hours. Examine each by smear. 
If necessary, plate each on blood agar for identification of organisms. Also inoculate a 
tube of broth from each blood tube showing a growth as a check on the plate and for 
preparing the vaccine. 

6. The vaccine is now made up by mixing 1 part of the original broth culture and 
9 parts of the broth subculture of the blood. 

7. Count the mixed suspension and proceed according to steps 3, 4, 5 and 6 of the 
Kolmer method described later. 


PREPARATION OF SUSPENSIONS 
1. If a solid medium is used, cover the growth on one of the tubes with sterile 
salt solution, taking precautions against contamination. Bring the organism into sus- 
pension either by shaking or with a platinum loop (Fig. 232). 
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Fig. 232. Preparation of a bacterial vaccine. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 


2. The suspension from the first tube should be transferred to the second tube 
and the growth removed in the same manner. Repeat the process until the growths 
from all tubes have been suspended. 
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3. If broth is used, the culture should be centrifuged at high speed, the supernate 
removed and the sediment containing the bacteria resuspended in sterile saline solu- 
tion. If the broth contains animal serum, add saline solution to the sediment, mix, 
centrifuge and resuspend the bacteria in sterile saline solution. 

4. The suspension prepared in either manner should be quite heavy. 

5. Transfer the suspension to a sterile flask or bottle containing sterile beads 
and shake well to break up clumps (clumps of staphylococci and typhoid bacilli are 
easily broken up; streptococci require more shaking). A mechanical shaker is recom- 
mended. The one illustrated in Figure 233 will be found very satisfactory. 


Fig. 233. Mechanical shaker for vaccines. 
(Courtesy of Arthur H. Thomas Company.) 


6. Filter the suspension through sterile cotton (it is convenient to have on hand 
small funnels with small wads of cotton in place which have been wrapped in heavy 
brown paper and sterilized in a hot air oven). 


STANDARDIZATION 

1. As a general rule, vaccines for administration to adults may contain a total of 
approximately 1,000,000,000 organisms per ml. For children, one-half this strength 
may be used. 

2. A dose of 0.1 ml. of such vaccines will carry 100,000,000 and 50,000,000 
respectively, which are ordinarily satisfactory for the first injections. It is possible, 
however, to give .05 ml. with a tuberculin syringe if a smaller initial dose is desired. 
Subsequent doses may be increased by 0.1 or 0.2 ml. as desired. 

3. If two or more organisms are to be used, a suspension should be prepared of 
each containing 1,000,000,000 per ml. (adult). After sterilization, equal parts of these 
individual vaccines may be mixed to make one vaccine. 

Counting Chamber Method. 1. In a small sterile test tube place 0.1 ml. of sus- 
pension and 4.9 ml. of sterile saline solution (gives a 1:50 dilution) ; use sterile pipets. 


Mix well. 
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2. Draw the suspension up to the 0.5 mark in a leukocyte-counting pipet. 
3. Draw the following stain up to the 11 mark (gives 1:20 dilution): 


Crystal violet Céat,alcr sol) acetic: cae nee ee 10 ml. 
Water (freshly. distilled ia. 7 a. eeu meine cei severe foe cr 100 ml. 
Filter a small portion immediately before using. 


4. Slip a wide rubber band over the ends of the pipet and shake for at least 2 
minutes. Do not allow the dilution to stand. 

5. Discard a few drops on a piece of filter paper (discard into a disinfecting solu- 
tion) and then place a drop in the center of a Petroff-Hausser bacteria counter (Fig. 
234) which has been thoroughly cleaned to avoid dust particles. 

6. Accurately adjust a reinforced precision 
coverglass. 

7. Allow to stand for 15 minutes. 

8. With a No. 6 objective and No. 4 eyepiece 
make a count of the bacteria in at least 20 
squares, being careful to focus on different levels 
for bacteria that have not settled. 

9. If the number of bacteria is too large for 
a fairly accurate count (the number per square 

aa should be within 10 per cent of each other) re- 

CGauitesy. ci MMHG ET cInonee peat, using a 1:100 or 1:200 dilution of vaccine. 
Company.) 10. Divide the total bacteria in 20 squares by 

20 to obtain the average per square. 

11. Multiply by 400,000,000 to give the number per ml. of dilution: 
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Fig. 234. The Petroff-Hausser bacteria 
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12. Then multiply by 50 (if an original 1:50 dilution was employed) to obtain 
the number of organisms per ml. of undiluted suspension. 

13. If a red corpuscle pipet is used, draw undiluted suspension to the mark 0.5 and 
stain (step 3) to 101 to give a 1:200 dilution. After thorough agitation, discard a 
few drops and place a drop into the counting cell. Adjust the coverglass and allow 15 
minutes for thorough settling. Make a count of 10 to 20 squares with the following 
formula: 

total bacteria counted X 200 X 20,000,000 


= bacteria per ml. 
number of small squares counted 

14. Place the counting chambers and coverslides in 2 per cent cresol for at least 5 
minutes before wiping. Clean the pipets in the same before drying. 

15. After counting, the vaccine is sterilized and diluted to proper strength as 
described later. 

Nephelometer Method (McFarland). 1. This method is satisfactory for the usual 
type of autogenous or stock vaccine. 

2. Add sterile physiological saline solution to each tube (same size as those used 
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in the nephelometer) containing bacterial suspension until the turbidity approximates 
that of the No. 4 nephelometer tube. If the suspension contains gross clumps, increase 
the density to nephelometer tube No. 5 and filter through a small sterile funnel-cotton 
filter described earlier. Now adjust turbidity with sterile saline solution to that of the 
No. 4 standard. 

3. If the nephelometer tubes are not the same size as those containing the bacterial 
suspension, the latter must be transferred aseptically to such tubes before a comparison 
can be made. 

4. When each tube shows a density equal to the No. 4 standard, proportional 
volumes of each are pipetted to a large sterile tube to make a total volume of 18 ml. 
If the vaccine is to be sterilized by heat, make up to 20 ml. and omit steps 5, 7 and 8. 

5. Add 2 ml. of 5 per cent phenol or tricresol solution (the latter is preferred) and 
shake well. 

6. Pour the 20 ml. through a small sterile cotton-funnel filter into a 30 ml. Army 
type vaccine bottle plugged with cotton-gauze and dry-air sterilized. 

7. A sterile perforable rubber stopper to fit the vaccine bottle is removed from 
the tube in which it was autoclaved. 

8. Lift the funnel off the bottle and immediately insert the rubber stopper. By 
inverting the bottle over the stopper it is moistened and can then be pushed into place 
with a rotating motion. 

9. If a half-strength vaccine is desired, use nephelometer tube No. 2 as the standard. 

10. PREPARATION OF McFartanp NEPHELOMETER STANDARDS. (a) Arrange 10 
test tubes or ampules of uniform size in a rack, and label 1 to 10. 

(b) Add the following amounts of a 1 per cent aqueous solution of chemically pure 
barium chloride: To tube No. 1, 0.1 ml.; tube No. 2, 0.2 ml.; and so on, increasing 
0.1. ml. in each. 

(c) Add sufficient 1 per cent chemically pure sulfuric acid solution to make the 
total volume 10 ml. in each tube. 

(d) Seal the tubes in a flame. 

(e) When the fine white precipitate of barium sulfate which has formed in the 
tubes is thoroughly shaken, each tube will have a different density, increasing from 
No. 1 to 10. The density of the tubes corresponds approximately to bacterial suspen- 


sions, as follows: 


No. 1: 300,000,000 No. 6: 1,800,000,000 
No. 2: 600,000,000 No. 7: 2,100,000,000 
No. 3: 900,000,000 No. 8: 2,400,000,000 
No. 4: 1,200,000,000 No. 9: 2,700,000,000 
No. 5: 1,500,000,000 No. 10: 3,000,000,000 


11. If vaccines are prepared of broth cultures as in the Kolmer method, the 
nephelometer should be prepared with 1 per cent sulfuric acid in broth in order to 
convey the color of the latter. 


STERILIZATION AND PRESERVATION 
Chemical Sterilization. 1. Vaccines sterilized with tricresol or phenol without the 
aid of heat are commonly regarded as being more antigenic than heat-killed vaccines. 
2. Tricresol is recommended in a final concentration of 0.5 per cent for steriliza- 
tion and preservation, A saturated solution (approximately 5 per cent) in water may 
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be employed, adding 1.0 ml. for each 10 ml. of vaccine to give a final concentration of 
OvSi pen cent: 

3. If phenol is preferred, the final concentration should also be 0.5 per cent. 

4. Place the rubber-stoppered bottle at 37° C. for 24 hours with occasional shaking. 

5. Conduct a sterility test as follows: (a) Fill the depression in the rubber stopper 
with 70 per cent ethyl alcohol. Five minutes later shake this off and remove 0.5 ml. 
of vaccine using a 24 or 22 gauge needle and 2 ml. syringe. 

(6) Transfer to 10 ml. of thioglycollate medium. The column of medium should not 
be green for more than one quarter of the distance from the top. Return the vaccine 
bottle to the incubator. 

(c) Incubate for 48 hours. If no turbidity develops, the vaccine may be labelled 
and dispensed. 

6. If growth occurs, remove 0.2 ml. with needle and syringe as before. Place one 
small drop on each of 2 blood agar plates and another on a slide. Spread out the 
inocula; incubate one aerobically, the other anaerobically. Prepare and Gram-stain the 
smear. 

7. If the morphology and colony growth indicates survival of one of the original 
bacterial types, repeat the sterility test on the vaccine which with rare exceptions will 
now be sterile since the preservative has had 2 or 3 additional days of contact at 37° C. 

8. When the sterility test shows spore-forming bacilli the vaccine is discarded and 
the entire procedure repeated. To guard against this contingency each pure culture 
should be made in duplicate and one held in reserve. In the event that spores appear, 
these are reexamined for purity and new broth cultures (or agar slants) prepared. 

Heat Sterilization. 1. The cotton gauze-stoppered vaccine bottle is placed in a 
60° C. water bath the level of which is below the level of the vaccine. 

2. Maintain at 60° C. for one hour. 

3. With a pipet remove 0.2 ml. of vaccine to 10 ml. of thioglycollate medium and 
conduct a sterility test as just described. 

4. If the sterility test is negative, add 1.0 ml. of 5 per cent tricresol or phenol 
solution (0.25 per cent final concentration) as a preservative. Insert a sterile per- 
forable rubber stopper, label and dispense. 

5. If the sterility tube shows growth, examine and culture as outlined previously. 

6. If the surviving organism belongs in the vaccine, reheat the vaccine at 65° C. 
for 134 hours. If spores are found prepare another vaccine. 


MIXED AND FILTRATE VACCINES 


Mixed Vaccines. Some physicians prefer vaccines incorporating the “shotgun” 
principle. A loop is drawn across the culture plate and inoculated to a tube of broth. 
Since spores may be present, the culture is handled as a separate vaccine, including 
the addition of tricresol and the sterility test. It is then combined with the pure 
culture vaccines in the desired proportion. 

Filtrate Vaccines. 1. Some physicians believe that a vaccine containing the soluble 
toxins and the soluble products of disintegrated bacteria are superior to the usual type 
of vaccine. 

2. After the broth has been allowed to incubate for one week, standardize the 
turbidity to McFarland No. 4 with saline and centrifuge the culture. 

3. Pipet off the supernate aseptically and save at refrigerator temperature. 
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4. Add 1.0 ml. of sterile distilled water to the sediment and shake. Add a small 
amount of sterile sand and place in a shaking machine for 10 minutes. Then alternat- 
ingly freeze and thaw the suspension at least 10 times. Repeat the shaking process. By 
this time the suspension should be opalescent rather than turbid. If it is not, repeat the 
process. 

5. Add the supernate to the treated sediment, allow the sand to settle and filter 
through a Berkefeld or Selas filter. 

6. Carry out the usual sterility test. Label as “Filtrate from 1,000,000 bacteria per 
ml.” and dispense. 


KOLMER METHOD FOR THE PREPARATION OF AUTOGENOUS 
VACCINES 


1. This method is based upon the inclusion of exogenous diffusible toxins produced 
in broth culture as well as the bacteria themselves. 

2. The general produce just described is followed except that broth cultures are 
not centrifuged. Agar growth is used only when necessary, é.g. with H. influenzae, and 
the suspension prepared in sterile saline solution. 

3. Standardization of turbidity requires the use of nephelometer tubes containing 
the same type of broth used for the cultures. 

4, Sterilize with tricresol which converts toxin to toxoid. Do not use heat. 


23 


METHODS FOR THE BACTERIOLOGIC 
EXAMINATION OF MILK 


Principles. 1. The methods here given are based on standard methods of the Amer- 
ican Public Health Association and the Association of Official Agricultural Chemists. 
They are given herewith for guiding the examination of milk in clinical laboratories, 
especially those connected with hospitals. The.reader is referred to Standard Methods 
for the Examination of Dairy Products, 9th ed., New York, American Public Health 
Association, 1948. | 

2. The total bacterial count continues to be highly important in the bacteriologic 
examination of milk since it is a reliable measure of the care with which it is collected 
and processed. 

3. There are no thoroughly reliable methods at present for the detection of typhoid 
and dysentery bacilli in milk. Methods applicable to the detection of tubercle bacilli, 
brucella and hemolytic streptococci are presented herewith. These and other pathogens 
can be practically eliminated from milk through proper and complete pasteurization, 
veterinary inspection of herds and the medical examination and supervision of dairy 
employees. 


STANDARD PLATE METHOD FOR TOTAL BACTERIAL COUNTS 

1. If bottled milk is to be examined, the bottle should be immediately iced. In 
case the milk is in bulk, a sample should be taken after thorough mixing. A sterile 
glass tube long enough to reach from the top to the bottom of the container to be 
sampled is very satisfactory. The tube is lowered to the bottom and the end closed 
with the thumb or a finger to hold the contents in the tube which is then placed in a 
sample bottle. The sample bottle should be sterile and large enough to hold the entire 
amount in the tube. Sample bottles should be glass-stoppered as cotton plugs are not 
satisfactory. Do not collect less than 10 ml. 

2. If the sample is not to be examined immediately, place it in cracked ice so as to 
cool promptly to near the freezing point. Prepare dilution bottles to contain 99 ml. of 
water after sterilization in the autoclave. They should have rubber or glass stoppers. 
The number of bottles will depend upon the number of samples to be examined and 
dilutions desired. 

3. Shake sample 25 times, each shake being an up and down excursion of about 1 
foot. Then immediately transfer 1 ml. to dilution bottle No. 1 (this makes a dilution 
of 1:100). 

4. Shake dilution bottle No. 1 twenty-five times and transfer 1 ml. to dilution 
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bottle No. 2. At the same time transfer 1 ml. and 0.1 ml. to 2 empty sterile petri plates. 
Mark the plates 1:100 and 1:1000. 

5. Shake dilution bottle No. 2 and transfer 1 ml. and 0.1 ml. to 2 empty petri plates 
and mark them 1:10,000 and 1:100,000. A special pipet is recommended which de- 
livers 1.1 ml. 

6. Melt tryptone glucose extract (milk) agar with a pH of 7.0 (page 382) and cool 
to between 42° and 44° C. 

7. Pour 10-12 ml. into each plate and mix with the diluted milk by gently rotating. 
Sufficient agar should be used to avoid drying out. An excess will favor the spreading 
of surface colonies. 

8. Incubate all plates in an inverted position for 48 hours (+ 3 hours) either at 
32° C. or 35° C. Where large numbers of plates are incubated at one time, a one inch 
spacing between stacks of plates must be allowed to afford proper air circulation. 

9. Select spreader-free plates showing between 30 and 300 colonies. Plates may be 
stored at about 5° C. for 24 hours if counting cannot be done at once. A colony 
counter with standard rulings should be used (Fig. 235) or counting aids with 


Fig. 235. Improved Quebec colony counter. 


(Courtesy of Arthur H. Thomas Company.) 


equivalent magnification and illumination. Use a hand-tally counter to record the 
number of colonies. If the number exceeds 300, a fraction of the plate can be counted 
and the number multiplied by the factor and then by the dilution. Plates with less 
than 20 colonies should not be counted unless no others are available. In case of doubt, 
the compound microscope may be used to distinguish between colonies and debris. 

10. Multiply the number of colonies by the dilution marked on the plate. This 
will give the number of bacteria per ml. of milk. Use only 2 significant left-hand digits 
in any report. Raise to the next highest round number but never lower. 

11. A series of at least 4 or more samples should be examined before judging the 
quality of a given milk supply. 

12. In addition to other requirements, the bacteria counts required before delivery 
of various grades of milk according to the standard milk ordinance of the United 
States Public Health Service, are recorded for reference purposes as follows: 
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Certified Milk: Less than 10,000 per ml. 

Grade “A” Raw: Not over 50,000 per ml. 

Grade “B” Raw: Not over 200,000 per ml. 

Grade “C” Raw: Not over 1,000,000 per ml. 
Grade “D” Raw: Not over 5,000,000 per ml. 
Grade “A” Pasteurized: Not over 10,000 per ml. 
Grade “B” Pasteurized: Not over 100,000 per ml. 
Grade “C” Pasteurized: Not over 500,000 per ml. 


13. Since no milk should be consumed raw and since the pasteurized product 
should be of high quality, the average Standard Plate count for Grade A milk, ie. 
“not exceeding 10,000 per ml.,” is generally accepted as the standard count. However, 
it is advisable to know the local and state health ordinances governing the permitted 
bacterial content of milk since they vary in different areas of this country. 


DIRECT MICROSCOPIC COUNT OF BACTERIA 


Breed Method. 1. The collection of the sample is the same as described earlier for 
the plate count. 
2. Thoroughly shake the sample and deposit 0.01 ml. of the milk on a clean slide 
by means of a special pipet of Breed and Brew delivering this amount (Fig. 236). 
3. Spread the milk evenly over an area of 1 
SS square centimeter with a clean stiff needle. The 
nEN a. : / slide can be laid on paper ruled in 1 centimeter 
Easy aie breed tid ere tie cre aas squares or on a Breed and Brew guide plate. This 
(Courtesy of Arthur H. Thomas j i 
Company.) ruling will show the area to be covered by the 
smear. 
4. Dry the film in a warm place. Avoid excess heat as it may cause the film to 
crack. The drying should be complete within 5 to 10 minutes. 
5. Dip the slide in xylol to remove the fat (at least 1 minute). Drain and allow 
to dry. 
6. Place in 90 to 95 per cent alcohol for 1 or more minutes, remove, drain and dry. 
7. Transfer slide to methylene blue stain (dissolve 0.3 gm. certified methylene in 
30 ml. of 95 per cent alcohol and add 100 ml. distilled water) for 10 to 15 seconds. 
8. Rinse in water. When properly stained, the background should be a faint blue. 
If overstained, decolorize with alcohol. If decolorization is carried too far, restain the 
smear. 
9. Steps 5 to 8 inclusive may be omitted by using the Newman-Lampert stain and 
method as follows: 


Methylene blue (certified powder) 
Ethyl alcohol (95 per cent) 
Metrachlorethane’ (techs) 3.) 1 een ene 40.00 ml. 
Glacial acetic acid . 


Add the alcohol to the tetrachlorethane in a flask and bring to a temperature not 
exceeding 70° C. If it is desired to use methyl alcohol, the temperature should not be 
more than 55° to 60° C. Add the warn: mixture to the powdered methylene blue. 
Shake vigorously until the dye is completely dissolved; then add slowly the glacial 
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acetic acid to the cold solution. Agitate the flask during the addition of the acid. Filter 
the entire volume through a 15 cm. filter paper. Keep in a tightly stoppered bottle. 
Allow the stain to act for 30 seconds. Remove, air dry and dip slide in water to remove 
excess stain. Dry and examine. 

10. Adjust the microscope so the field of vision is 0.206 millimeter in diameter. 
This can be done by using a stage micrometer with a 1.9 millimeter (oil immersion) 
objective and a 6.4 X ocular; adjust the tube until the field has the required size. 

Count the number of bacteria seen in 30 fields. Each field represents one three 
hundredth thousandth part of a ml. of the milk. 


number of bacteria 


0 X 300,000 = number of bacteria per ml. 
a 


or 
number of bacteria <X 10,000 


11. For some purposes, especially when examining high count milk, it is advisable 
to use a special ocular micrometer with circular ruling divided into quadrants (Fig. 
237). Adjust with 10 & ocular so the diameter of the circle is 0.146 millimeter. Count 
60 fields and multiply the number of bacteria by 10,000. 

12. This direct microscopic method is excellent for making a rapid 
survey of either raw or pasteurized milk and should be more fre- 
quently used as a check on counts obtained by the plate method. 


METHYLENE BLUE REDUCTION METHOD 


This test is also known as the reductase test. It is based on the _ 
principle that the color imparted to milk by a small quantity of Be oes 
methylene blue will disappear more or less quickly. The rate of this disk of Breed 
decolorization depends largely upon the reducing activity of bacteria. and Brew. 
This in turn has been empirically correlated with the number of 
bacteria when the test is conducted under the usual circumstances and if other factors 
such as the temperature of the milk are kept constant during the test. 

1. Collect samples with same care as for other types of bacteriologic examinations. 

2. To the bottom of a sterile rubber-stoppered or paraffin-corked test tube, add 1.0 
ml. of methylene blue solution (standard methylene blue tablets can be obtained from 
the usual supply houses and the solution prepared by adding 1 tablet to 200 ml. of 
sterile water). 

3. Add 10 ml. of the milk sample and mix with the dye by slowly inverting the 
tube 3 times. The milk should now have a robin’s-egg blue color. 

4. Place the tubes in a water bath at 37° C. 

5. Observe at the end of 30 minutes and thereafter at hourly intervals. 

6. The end-point is considered to be complete when four fifths of the contents 
show complete reduction or decolorization to a normal white milk color. 

7. Remove the tubes showing reduction. Slowly invert the remaining tubes once 
and return them to the water bath. 

8. The reduction time in general is inversely proportional to the bacterial content. 
Low bacterial content milk will not decolorize in 6 hours; milk of high bacterial con- 
tent will reduce in less than 2 hours. Record the results as the number of hours required 
for complete reduction of four-fifths of the test sample. Interpretations should not be 


made in terms of numbers of bacteria. 
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METHODS FOR THE DETECTION OF HEMOLYTIC STREPTOCOCCI 


The following methods are useful for the examination of samples from cows sus- 
pected of having caused an outbreak of septic sore throat. They may also be used for 
routine control in those cases where raw milk is carefully guarded against infection 
with hemolytic streptococci. 

1. Beef-heart infusion agar is melted, cooled to 50° C. and 0.5 ml. of defibrinated 
blood added for each 10 ml. of agar. 

2. Add 1.0 ml. and 0.1 ml. of milk respectively to 2 petri plates, overpour with 
agar and mix thoroughly by gently rotating the plate. 

3. Incubate 24 hours at 37° C. Use an uninoculated plate as a sterile control. 
Plates showing no growth are incubated for an additional 24 hours. 

4. Three types of streptococci may be encountered. The first group, the lactic acid 
streptococci, are not generally active on blood agar. The second type is that of bovine 
mastitis which appears as a viridans (green) or weakly hemolytic type. 

5. The third variety produces highly hemolytic colonies. These may be group A 
streptococci which cause epidemic sore throat and scarlet fever. On the other hand, 
the mere presence of hemolysis is not sufficient evidence for condemning the milk with- 
out further study. Streptococci of animal origin belonging to group C, as well ‘as some 
enterococci (group D), may also develop highly hemolytic colonies. 

6. Transfer 1 or 2 hemolytic colonies to (a) glucose broth and (4) sodium hippu- 
rate broth (page 385). Glucose broth is prepared by adding 1 per cent glucose to carbo- 
hydrate broth (tryptose). 

7. After incubation for 2 days at 37° C. the final pH of the glucose broth culture 
is determined colorimetrically. At the same time the sodium hippurate culture is 
examined by adding | part of the test reagent (12 per cent ferric chloride in a 2 per 
cent solution of hydrochloric acid) to 4 parts of the culture. Mix and observe 
after 10 minutes. A precipitate (ferric benzoate) indicates that the hippuric acid has 
been hydrolized and that the organism is probably Str. agalactiae, the cause of bovine 
mastitis. 

8. If the suspicious organism produces a final pH of from 6.0 to 5.0 and fails to 
hydrolize the hippurate, a moist India ink preparation should be made from the broth 
culture. Should an encapsulated streptococcus be found, it is probably Str. pyogenes 
(group A) which is significant. This organism ferments salicin but not mannitol. 


METHOD FOR THE DETECTION OF TYPHOID AND PARATYPHOID 
BACILLI 


1. Leifson recommends culturing 9 parts of milk in 1 part of selenite F enrichment 
medium prepared in a concentration 10 times stronger than usual. If the milk is of 
poor quality it is advised to dilute to 1:4 with sterile water and add 9 parts of this 
dilution to 1 part of the concentrated medium. 

2. Incubate at 37° C. for 18 to 24 hours and prepare surface streak plates of 
desoxycholate or S.S. agar. If suspicious colonies are found, apply further tests for the 
identification of typhoid and paratyphoid bacilli as described on page 527. 
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METHOD FOR THE DETECTION OF TUBERCLE BACILLI 


Principles. The tubercle bacilli usually found in milk are of the bovine type, 
though contamination with the human type organism from a tuberculous milker or 
milk handler may occur. The avian type may get into milk but presents little or no 
danger to man. 

The multiplication of tubercle bacilli in market milk probably does not occur. 
Therefore, their presence in large numbers is indicative of gross contamination with 
tuberculous pus from lesions in the udder. However, since localization of tubercle 
bacilli in udders is not common, large numbers of tubercle bacilli are rarely found in 
market milk. Although the small numbers that may occur in milk are a public health 
menace, the tuberculin testing of cattle and the eradication of reactors under the 
“Accredited Herd Movement,” along with pasteurization of raw milk have greatly 
reduced this danger. 

Preparation of Sample. Since the numbers of tubercle bacilli in milk are relatively 
few, concentration is necessary for detection as follows: 

1. Centrifuge small samples at high speed (3000 r.p.m. for 15 minutes). 

2. Remove the cream and sediment layers and examine separately or mixed. 

3. Refrigerate large samples (quart or pint) for 24 hours. 

4. Remove cream and sediment layers. Mix and centrifuge. 

5. Remove top layer and sediment. Mix and examine. 

Methods of Examination. Three methods may be employed as follows: (a) direct 
microscopic examination, (0) cultural examination and (c) animal inoculation. These 
procedures are described on pages 516 to 523. 


METFIGDS ‘FOR THE DETECTIONSOF BRUCERBA 


Principles. Brucella abortus, Brucella suis, and Brucella melitensis are the patho- 
genic species for man. All three have been isolated from cow’s milk. The methods for 
isolation are animal inoculation and culture. The brucellae, like tubercle bacilli, are 
killed by pasteurization. Isolation is limited, therefore, to raw or incompletely pasteur- 
ized milk. 

Collection of Samples. 1. Cleanse the outer surface of the udder and teats. 

2. Discard the first 2 or 3 streams from each quarter and collect 7 to 8 ml. of milk 
from each in sterile test tubes. 

3. Refrigerate the specimens for 24 hours and remove the entire cream layer. 

4. For bottled milk remove the entire cream layer to a sterile test tube. 

5. Specimens that are to be shipped should be preserved with 1 per cent boric acid 
or 1:25,000 crystal violet. 

Animal Inoculation. 1. The entire cream layer of the small specimens collected 
directly from the animals is inoculated either intra-abdominally or subcutaneously into 
a healthy guinea pig. 

2. Inoculate 2 ml. in a like manner from the larger bottle samples. 

3. If there is no objective evidence of infection in 6 weeks, remove 3 ml, of blood 
by cardiac puncture and test for brucella agglutinins. 

4. Sacrifice the guinea pigs at the end of 6 weeks and examine the organs for 
characteristic brucella lesions. These appear as pale, yellow, discrete areas in the liver, 
spleen, kidneys or adrenal glands. Remove aseptically pieces of liver, spleen and 
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kidney. Grind with a sterile glass mortar and pestle using broth and sterile sand. Pre- 
pare cultures according to the Castafieda method (page 478) or use tryptose agar (page 
395). Use utmost care in making these cultures and in handling the animals since 
laboratory infections with brucella are common. 

Cultures. 1. Use tryptose agar with 0.1 per cent aqueous crystal violet added to 
give a final concentration of 1: 700,000. 

2. Inoculate the surface of poured agar plates with 0.1 to 0.2 ml. of cream collected 
as previously described. 

3. Spread cream evenly over the surface with a bent glass rod. 

4. Incubate plates at 37° C. in an atmosphere of 10 per cent CO,. Examine plates 
daily for 15 days. 

5. Contaminants may develop on the plates. Suspicious colonies must be examined 
and reisolations made for pure cultures. 

6. Identify culture isolations by testing for agglutination by known brucella anti- 
serum. 

Detection of Brucella Agglutinins in Milk. Antibodies for brucella may be 
detected in so-called “milk serum” as follows: 

1. Remove cream from samples collected from the animal or from bottle samples. 

2. To each 5 ml. of the remaining milk, add 2 drops of a 1 per cent solution of 
commercial rennet and mix. 

3. Incubate at 35° to 37° C. for 2 hours in a slanting position. 

4. Remove clear serum and refrigerate for 6 to 8 hours to permit casein particles to 
settle out. 

5. Use a phenolized (0.5 per cent) brucella antigen of density equal to No. 1 of 
the barium sulfate nephelometer (McFarland). 

6. To each of 5 small test tubes add 2 ml. of antigen. 

7. Add 0.08 ml. of milk serum to tube No. 1, 0.04 ml. to No. 2, 0.02 ml. to No. 3, 
0.01 ml. to No. 4 and 0.005 to No. 5. The final dilutions are 1:25, 1:50, 1:100, 1:200 
and 1:400. 

8. Mix and incubate at 35° to 37° C. for 48 hours. 

9. Complete agglutination in 1:50 or higher is indicative of infection. 

10. The ring test may also be used and is recommended. See Brucellosis, Washing- 
ton, D.C., American Association for the Advancement of Science, 1950, pages 126-135. 


METHODS FOR THE DETECTION OF COLIFORM BACILLI 


The presence of coliform bacilli (gram-negative, aerobic or micro-aerophilic, non- 
spore forming rods which ferment lactose with acid and gas) is an indication of insani- 
tary dairy practices. In pasteurized milk they constitute evidence of (a) incomplete 
processing (rarely are heat resistant strains encountered), (b) recontamination from 
apparatus or (c) unsterile bottles. They do not have the same significance in milk as 
in water, and milk containing a few coliform bacilli is not necessarily unsafe. 

Culture Media. Formate ricinoleate broth or bile brilliant green lactose broth (page 
382) may be used in the presumptive test with liquid media. 

Violet red bile agar (page 382) or a desoxycholate agar may be used in the pre- 
sumptive test with solid media. 

Procedure. For the examination of milk and cream and for routine control on 
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pasteurized milk, use the presumptive test with occasional confirmation by the com- 
pleted test. 

Presumptive Test in Liquid Media. 1. Inoculate a series of formate ricinoleate or 
bile brilliant green lactose fermentation tubes with 10.0 ml., 1.0 ml. and 0.1 ml. volumes 
of the sample. Use 5 tubes for each volume. 

2. Incubate 24 hours (+ 2 hours) at 35° C. to 37° C. Record the number of posi- 
tive tubes and consult a Most Probable Numbers Table (Standard Methods for the 
Examination of Water and Sewage, 9th ed., New York, American Public Health Asso- 
ciation, 1946, p. 205; or Standard Methods for the Examination of Dairy Products, 
9th ed., New York, American Public Health Association, 1948, p. 138). From this the 
most probable number of positives per 100 ml. of sample can be readily determined. 

3. When only a qualitative determination is desired, fewer tubes may be used. 

4. Similarly, in routine control examinations where frequent samples are taken, one 
volume (5 tubes) may be sufficient. Frequent qualitative tests generally give more 
useful information than an occasional complete testing. 

5. Incubate inoculated tubes at 37° C. for 48 hours. The presence of gas within 48 
hours is a positive presumptive test. 

Presumptive Test in Solid Media. 1. Add 1.0 ml. of milk sample to a sterile petri 
plate. Then add 10 to 15 ml. of cooled (42° to 44° C.) melted violet red bile (page 382) 
or desoxycholate agar. Mix by gentle rotation. 

2. When the mixture has solidified evenly, spread 3 to 4 ml. of the same medium 
over the surface of the plate. Allow it to harden. 

3. Incubate plates inverted at 35° to 37° C. for 20 to 24 hours. 

4. The presence of dark red colonies at least 0.5 mm. in diameter is a positive 
presumptive test. Count colonies and report as “Coliform Count/ml.” 

Completed Test. 1. Streak an eosin methylene blue or endo agar plate with a loop- 
ful of culture from a positive presumptive ricinoleate or brilliant green bile broth tube. 
Incubate the plates at 35° to 37° C. for 18 to 24 hours. 

2. Inoculate a typical coliform colony to an agar slant and a tube of lactose broth. 
If only atypical colonies are present, inoculate the slant and lactose broth from 2 or 
more colonies most likely to be coliform bacilli. Incubate at 35° to 37° C. 

3. Make a Gram stain from the slant in 24 hours. 

4. Gas formation within 48 hours in the lactose tube and the microscopic demon- 
stration of gram-negative bacilli, plus the absence of spore-forming bacilli from the 
slant, constitute a positive completed test. 
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METHODS FOR THE BACTERIOLOGIC 
EXAMINATION OF WATER 


Principles. 1. The methods here given are the standard methods for the exami- 
nation of water adopted by the American Public Health and American Water Works 
Associations. 

2. From the standpoint of the clinical laboratory, examinations for coliform bacilli 
of fecal origin are of most value in relation to the spread of typhoid fever, cholera and 
dysentery. 

3. Direct examinations for typhoid and paratyphoid bacilli have been previously 
referred to, but they are of so very little value that most reliance is placed upon finding 
coliform bacilli as indicative of possible contamination with human fecal material. 


COLEECTION 


1. Samples for bacterial analysis shall be collected in bottles which have been 
cleansed with care, rinsed in clean water, and sterilized. For water containing residual 
chlorine, add 0.02 to 0.05 gm. sodium sulfate to each bottle before sterilization by 
dry heat. 

2. Great care must be exercised to have the samples representative of the water 
to be tested and to see that no contamination occurs at the time of filling the bottles 
or prior to examination. 

3. Because of the rapid and often extensive changes which may take place in the 
bacterial flora of bottled samples when stored even at temperatures as low as 10° C., 
it is urged that all samples be examined as promptly as possible after collection. 

4. The time allowed for storage or transportation of a bacterial sample between the 
filling of the sample bottle and the beginning of the analysis should be not more than 
6 hours for impure waters and not more than 12 hours for relatively pure waters. 
During the period of storage the temperature shall be kept between 6° C. and 10° C. 
Any deviation from the above limits shall be so stated in making reports. 


TOTAL BACTERIAL COUNTS 


1. Have ready the following: (a) Nutrient agar or nutrient gelatin at pH 7.0 
liquefied and cooled to 42° C.; (6) dilution bottles containing 9 ml. or 99 ml. of water 
and sterilized at 121° C. for 15 minutes. 

2. When dilutions are made, the sample bottle should be shaken vigorously 25 times 
and 1 ml. withdrawn and added to the proper dilution bottle as required. Each dilution 
bottle shall be shaken vigorously 25 times before a second dilution is made from it or 
before a sample is removed for plating. 

504 
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3. Plating should be done immediately after making dilutions. After vigorous 
shaking 25 times, 1 ml. of the sample or dilution shall be placed in a petri plate. Ten 
ml. of melted medium (agar or gelatin) at a temperature of 42° C. shall be added to 
the petri plate. The cover of the petri plate shall be lifted just enough for the introduc- 
tion of the pipet or culture medium, and the lips of all test tubes or flasks used for 
pouring the medium shali be flamed. The medium and sample in the petri plate shall 
be thoroughly mixed and uniformly spread over the bottom of the petri plate by tilting 
and rotating the dish. All plates shall be solidified as rapidly as possible after pouring 
and placed immediately in the incubator. 

4. Gelatin plates shall be incubated for 48 hours (+ 3 hours) at 19° to 21° C. in 
a dark, well-ventilated incubator in an atmosphere practically saturated with moisture. 

Agar plates may be used for counts incubated at 19° to 21° C. or at 35° to 37° C. 
The time for incubation at 20° C. shall be 48 hours (+ 3 hours) and at 37° C. 24 
hours (+ 2 hours). The incubator shall be dark and well-ventilated, and the atmos- 
phere shall be practically saturated with moisture. Glass-covered plates shall be inverted 
in the incubator. Any deviation from the above described method shall be stated in 
making reports. 

In reporting the water examination, the medium used for the total count should 
be stated, 7.e. whether gelatin or agar, and the temperature of incubation given. 

5. In preparing plates, such amounts of the water under examination shall be 
planted as will give from 30 to 300 colonies on a plate. The aim should be always to 
have at least 2 plates giving colonies within these limits. Only such plates should be 
considered in recording results, except where the same amount of water has been 
planted in 2 or more plates, of which one gives colonies within these limits, while the 
others give less than 30 or more than 300. In such case, the result recorded should be 
the average of all the plates planted with this amount of water. Ordinarily it is not 
desirable to plant more than | ml. of water in a plate; therefore, when the total number 
of colonies developing from 1 ml. is less than 30, it is obviously necessary to record the 
results as observed, disregarding the general rule just given. 

Counting shall in all cases be done with a lens of 1.5 diameters’ magnification. The 
Quebec colony counter is approved and recommended. 

6. In order to avoid fictitious accuracy and yet to express the numerical results by 
a method consistent with the precision of the work, the numbers of bacteria per ml. 
shall include not more than 2 significant figures. For example, a count of 172 shall be 
recorded as 170 and a count of 176 as 180. A count of 85 is recorded as such. The 
designation of the medium and temperature shall be used in the report, e.g. “37° C. 


standard agar plate count.” 


METHODS FOR THE DETECTION OF COLIFORM BACILLI 

The coliform group is to be considered as including all aerobic and facultative 
anaerobic, gram-negative, nonspore-forming bacilli which ferment lactose with gas 
formation. 

The test described under this heading is really a combination of 3 tests. The first 
is called the “presumptive test” and is conducted in all cases. The second is called the 
“confirmed test’ and is used to confirm the first test when doubtful. The third is the 
“completed test,” used when the results of the second test are doubtful. 
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Presumptive Test. 1. Inoculate a series of fermentation tubes containing bile bril- 
liant green lactose broth (page 383) with the following amounts of the water to be 
tested: 10.0, 1.0, 0.1, and 0.01 ml. 

2. The amount of media should always equal at least twice the amount of water 
inoculated. Any type of fermentation tube can be used. The Durham tube with inverted 
vial is recommended. When required to examine larger amounts than 10 ml., as many 
tubes as necessary shall be inoculated with 10 ml. each. 

3. Incubate at 35° to 37° C. for 48 hours (+ 3 hours). 

4, Examine each tube at the end of 24 and 48 hours. 

5. The production within 24 hours of gas in the fermentation tube constitutes a 
positive presumptive test. 

6. If no gas is formed in 24 hours, the incubation shall be continued to 48 hours. 
The presence of gas in any amount in such a tube at 48 hours constitutes a doubtful 
test which in all cases requires confirmation. 

7. The absence of gas formation after 48 hours incubation constitutes a negative 
test. Occasional members of the coliform group which form gas slowly may be excluded 
by this method, but for the purpose of the standard test the exclusion of these occa- 
sional slow fermenters is immaterial. 

Confirmed Test. 1. Streak or spread endo or eosin methylene blue plates from the 
tubes which show gas formation from the smallest amount of water tested. The trans- 
fers should be made as soon as possible after gas formation occurs. If gas formation 
occurs at the end of 24 hours, make transfers at that time. If at the end of 48 hours 
gas has formed in tubes containing a smaller sample of water than at 24 hours, trans- 
fers should be made from these tubes. It is permissible to use bile brilliant green lactose 
broth for this test. 

2. Incubate at 35° to 37° C. for 24 hours (+ 2 hours). 

3. The results are interpreted as follows: (a) If typical colonies have developed 
upon the plate within this period, the confirmed test may be considered positive. (0) If, 
however, no typical colonies have developed within 24 hours, the test cannot yet be 
considered definitely negative since it not infrequently happens that members of the 
coliform group fail to form typical colonies on endo or eosin methylene blue plates, or 
that the colonies develop slowly. In such case, it is always necessary to complete the 
test as described next. Gas in any amount in the brilliant green lactose bile fermenta- 
tion tubes within 48 (+ 3) hours is a positive test. If the brilliant green lactose bile 
is decolorized before or in 48 hours, the completed test should be done. 

Completed Test. Typicat Pirates. From the endo or eosin methylene blue plates 
showing typical colonies, fish at least 2 colonies, transferring each to an agar slant and 
a lactose fermentation tube. 

AtypicaL Prartes. If no typical colonies appear upon the plate within 24 hours, 
the plate should be incubated another 24 hours after which at least 2 of the colonies 
considered most likely to be organisms of the coliform group, whether typical or not, 
shall be transferred to agar slants and lactose fermentation tubes. 

Incubate the lactose broth fermentation tubes at 35° to 37° C. until gas formation 
is noted, the incubation not to exceed 48 hours. The agar slants are incubated at 35° 
to 37°C. for 24 hours when a microscopic examination is made of at least 1 
culture, selecting the one which corresponds to one of the lactose broth fermentation 
tubes which has shown gas formation. 
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The formation of gas in lactose broth and the demonstration of gram-negative 
nonspore-forming bacilli in the agar culture shall be considered a satisfactorily com- 
pleted test, demonstrating the presence of a member of the coliform group. The 
absence of gas formation in lactose broth or failure to demonstrate gram-negative 
nonspore-forming bacilli in a gas-forming culture constitutes a negative test. 

Interpretation of the Results. The following interpretation is according to the 
Public Health Service’s drinking water standards (Pub. Health Rep., 1946, 61:37). 

PRESUMPTIVE Test. 1. When definitely positive, that is, showing more than 10 per 
cent of gas in 24 hours, this test is sufficient: 

(a) As applied to all except the smallest gas-forming portion of each sample in 
all examinations. 

(6) As applied to the smallest gas-forming portion in the examination of sewage 
or of water showing relatively high pollution, such that its fitness for use as drinking 
water does not come into consideration. This applies to the routine examination of raw 
water in connection with control of the operation of purification plants. 

2. When definitely negative, that is, showing no gas in 48 hours, this test is final 
and therefore sufficient in all cases. 

3. When doubtful, that is, showing gas less than 10 per cent (or none) in 24 hours, 
with gas either more or less than 10 per cent in 48 hours, this test must always be 
confirmed. 

CoNFIRMED Test. 1. When definitely positive, that is, showing typical plate 
colonies within 24 hours, this test is sufficient: 

(a) When applied to confirm a doubtful presumptive test in cases where the latter, 
if definitely positive, would have been sufficient. 

(6) In the routine examination of water supplies where a sufficient number of 
prior examinations have established a satisfactory index of the accuracy and signifi- 
cance of this test in terms of the completed test. 

2. When doubtful, that is, showing colonies of doubtful or negative appearance 
in 24 hours, this test must always be completed. 

CompLetep Trst. The completed test is required as applied to the smallest gas- 
forming portion of each sample in all cases other than those noted as exceptions under 
the presumptive and the confirmed tests. 

The completed test is required in all cases where the result of the partially con- 
firmed test has been doubtful. 

Report or Resutts. In reporting a single test, it is preferable merely to record 
results as observed, indicating the amounts tested and the result in each, rather than 
to attempt expression of the result in number of organisms per ml. In summarizing the 
results of a series of tests, however, it is desirable for the sake of simplicity to express 
the results in terms of the number of coliform organisms per ml., or per 100 ml. The 
number per ml. is the reciprocal of the smallest portion (expressed in ml.) giving a 
positive result. For example, the result 1 ml. plus, 0.1 ml. plus, 0.01 ml. negative, 
would be recorded as 10 per ml. An exception should be made in the case where 
a negative result is obtained in an amount larger than the smallest portion giving a 
positive result; for example, in a result such as 10 ml. plus, | ml. minus, 0.1 ml. plus. In 
such case, the result should be recorded as indicating a number of coliform organisms 
per ml. equal to the reciprocal of the portion next larger than the smallest one giving a 
positive test, this being a more probable result. 
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Where tests are made with volumes larger than 1 ml. giving average results less than 
1 per ml., it is more convenient to express results as the number of bacteria per 100 ml. 

Differentiation Between Fecal and Nonfecal Types. The coliform group con- 
tains organisms of both fecal and nonfecal origin. For a satisfactory differentiation 
the following tests are required: 

1. InpoL (page 436). 

2. VocEs-PROSKAUER (page 437). 

3. Metuyt Rep. Inoculate a 5 ml. portion of methyl red Voges-Proskauer broth. 
Incubate 24 hours at 37° C. Add 5 drops of methyl red indicator solution. A distinct 
red color is positive; a yellow color is negative. 

4. Soprum CirTraTeE. Inoculate Koser’s citrate broth with 1 loopful of culture or 
with a needle inoculum. Incubate for 3 days at 37° C. E. coli fails to grow in this 
medium. 

These four tests are known collectively as the IMVIC reactions (page 526). 


REACTIONS OF THE COLIFORM GROUP 
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Intermediate types are common and difficult to interpret. 
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METHODS FOR TESTING DISINFECTANTS 


Principles. 1. A very large number of methods have been proposed for testing the 
bactericidal and bacteriostatic properties of disinfectants, and the method of testing 
has a tremendous influence upon the results. For this reason one laboratory may report 
a substance as possessing a high disinfectant value and another that it is practically 
inert. It is easily possible, therefore, to influence greatly the value placed upon a dis- 
infectant by the method of testing. It is hoped that the methods here given will prove 
serviceable for the purposes of the clinical laboratory. 

2. The standardization of disinfectants and antiseptics is based upon their bac- 
tericidal power in comparison with phenol. The ratio is expressed as the phenol co- 
efficient, which is a figure expressing the ratio of the germicidal efficiency of a 
disinfectant compared with phenol tested under identical conditions. It is not based 
on a comparison of different time intervals, but on a comparison of different concen- 
trations acting for specified periods of time at designated temperatures. 

3. Although several variations of the phenol coefficient method have been re- 
ported, the one most widely used is that developed by Shippen and Reddish in 1931 
and designated as the Food and Drug Administration (F.D.A.) method. Because the 
original publication is out of print, this procedure is described later in detail. 

4. The phenol coefficient method is useful as a preliminary screening technic, but 
has little value otherwise. It favors compounds which are bacteriostatic in high dilu- 
tion; it fails to simulate actual conditions of usage; it does not test the ability of the 
disinfectant to act in the presence of organic matter (serum or blood); nor does it 
consider the factor of tissue toxicity. Therefore, evaluation of disinfectants should 
never be limited to phenol coefficient tests. 

5. It is difficult to obtain accurate results in a bactericidal test unless a specific 
neutralizing compound or antidote is available. Sodium thioglycollate is such a com- 
pound for mercurials, lecithin for cationic germicides (quaternary ammonium salts 
such as Zephiran, Roccal, Phemerol and Ceepryn) and ferric chloride for phenol (J. 
Bact., 1945, 50:591). When the specific neutralizer is incorporated into the recovery 
medium, it is possible to determine whether the bacteria exposed to a disinfectant 
have been killed or merely inhibited by the amount of disinfectant carried over to 
the medium. 

6. The adequate evaluation of germicides should include the following tests which 
will be described in this section: 

(a) Phenol coefficient (in vitro) method. 

(6) Bacteriostasis test (in vitro) both in the absence and presence of 10 per cent 
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(c) In vitro test of the rapidity of killing in the concentration intended for use, 
both in the absence and presence of 10 per cent serum. 

(d) In vitro tests for diffusion or penetrability both without and with the addition 
of 10 per cent serum. 

(e) In vivo toxicity tests using human skin or that of an experimental animal. 
These may also include the use of animals to determine the survival of virulence of 
bacteria after exposure to the disinfectant. 

(f) Practical usage tests, e.g., employing surgical instruments as test objects, if 
the disinfectant is intended for such purposes, and application on the skin for pre- 
operative disinfection. 


PHENOL COEFFICIENT FOOD AND DRUG ADMINISTRATION 
METHOD * 


Test Organism and Culture Medium. 1. The test organism is a 22 to 26 hour 
culture of Salmonella typhosa (Hopkins strain) incubated and grown in F.D.A. broth 
(page 381). 

2. The test culture is transferred daily in this medium for not more than 1 month. 
At the end of each month, a fresh transfer is made from the stock culture. The stock 
culture is carried on agar slants of the same composition as the broth medium plus 
1% per cent Bacto-Agar (Difco) adjusted to pH 7.2 to 7.4. This medium is also 
filtered, tubed, plugged with cotton, sterilized and slanted. The stock culture is trans- 
ferred once a month, and the test organism is taken from the month old stock culture. 
When the test organism has not been transferred daily, it is advisable to make 4 or 5 
consecutive daily transfers in broth before using it for testing purposes, to be reason- 
ably sure of its conforming to the phenol resistance requirements. When only one 
transfer has been skipped, the following transfer from the 48-hour culture is usually 
satisfactory for use after 24 hours. Transfers are made with the platinum loop used 
in the test. Only cultures giving readings at 20° C. within the following limits are 
considered satisfactory (Table 35): 


TABLE 35. 


Phenol 5 Minutes 10 Minutes 15 Minutes 


0 
als 


Phenol. The phenol used must meet the requirements of the U.S.P. and in addi- 
tion the congealing point must not be below 40° C. A 5 per cent solution may be used 
as a stock solution if kept in a relatively cool place in well-stoppered amber colored 
bottles protected from the light. This 5 per cent solution should be standardized with 
decinormal bromine or with sodium bromide and bromate solution. 


*U.S. Dept. Agriculture, Circular No. 198, Dec., 1931. 
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Apparatus. 1. Besides a number of accurately graduated pipets, 100 ml. glass- 
stoppered graduates or volumetric flasks are almost essential for the making of cor- 
rect dilutions. All pipets and graduates should be standardized. The test tubes for 
containing the dilutions should be large enough to permit transfers being made with- 
out touching the sides with the transfer needle. Lipped Pyrex (to withstand constant 
flaming) test tubes 25 by 150 mm. serve very well as these seeding or medication tubes. 

2. A water bath for holding the dilutions at the desired temperature must be 
provided. To maintain the temperature practically constant during the period of the 
test, the bath should be made so as to contain a relatively large volume per surface 
area, and should be insulated. The lid is made with well-spaced holes admitting the 
25 mm. tube, but not the lip. 

3. The most convenient form of subculture tubes (tubes containing medium for 
incubating the tested organisms, as well as for growing the test culture) are ordinary 
nonlipped bacteriologic test tubes 20 by 150 mm. 

4. The racks for holding the subculture tubes may be of any convenient style. 
Blocks of wood with a series of holes bored in them are quite satisfactory. Dimensions 
depend somewhat on the size of the incubator, but the holes should be well spaced to 
insure quick selection and easy manipulation during the test. It is an added con- 
venience to have the holes large enough to admit the medication tubes while dilutions 
are being made. 

5. The transfers are made with 4 mm. (inside diameter) single loop of number 23 B 
and S. gauge platinum wire 1% to 3 inches long, set in a suitable holder such as an 
aluminum or glass rod approximately 0.5 cm. in diameter. 

Procedure. 1. One per cent stock dilutions of the substance to be tested (or any 
other convenient dilution of the disinfectant, depending on the strength) are made 
up usually in glass-stoppered cylinders or volumetric flasks from which the individual 
dilutions are then prepared. For rapid routine work the final dilutions may be made 
directly in the medication tubes. In this case all excess over 5 ml. must be removed. 
For more precise work, and when high dilutions are required or volatile substances 
are dealt with, it is preferable to make up ail of the dilutions in volumetric flasks, 
and then transfer 5 ml. of the final dilution to the medication tubes. Utmost care must 
be used in making the appropriate final dilutions from the 5 per cent phenol and 1 per 
cent stock disinfectant solutions. Failure to do so is the most important single source 
of error. 

2. These tubes containing 5 ml. of each dilution (including the phenol control) 
are placed in the water bath at 20° C. for 5 minutes until the temperature of the 
bath is reached. Even slight variations in temperature may affect the results. The 
dilutions should cover the range of the killing limits of the disinfectants within 5 and 
15 minute periods, and should at the same time be spaced sufficiently close together 
to insure the desired accuracy. 

3. Five tenths of a milliliter of the test culture is then added to each of the dilu- 
tions at the time interval corresponding to the interval at which the transfers are to 
be made. Thus by the time 10 tubes have been seeded at 30-second intervals, 414 
minutes will have elapsed and a 30-second interval intervenes before the transference 
to the subculture is commenced. The culture is added from a graduated pipet holding 
sufficient culture to seed all the tubes in any one set. The pipet may be loosely plugged 
with cotton at the mouth end before sterilizing, as a precautionary measure, Unfiltered 
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culture is used, but it should be thoroughly shaken 15 minutes before use, and 
allowed to settle. The temperature of the culture should be practically that of the 
water bath before being added. 

4. When inoculating the medication tubes they should be held in a slanting position, 
after removal from the bath, and the culture run in without the tip of the pipet 
touching the disinfectant. The tip may be allowed to rest against the side of the tube 
just above the surface of the liquid. 

5. The tubes are agitated gently but thoroughly after the addition of the culture 
to insure even distribution of the bacteria. 

6. Five minutes from the time of seeding the first medication tube, transfer 1 
loopful of the mixture of culture and diluted disinfectant from the medication tube 
to the corresponding subculture tube. To facilitate transfer of uniform drops of the 
medication mixture, the loop is bent to form a slight angle with the stem and the 
medication tube is held at an angle of 60 degrees. In other words, as the loop is 
withdrawn, its plane should be parallel with the surface of the liquid. At the end of 
30 seconds, a loopful is transferred from the second medication tube to the second 
subculture tube and the process continued for each successive dilution. Five minutes 
from the time of making the first transfer, a second set of transfers is begun for the 
10-minute period, and finally repeated for the 15-minute period. 

7. Before each transfer the loop is heated to red heat in the bunsen flame and 
the mouth of every tube is flamed. Sterilization of the loop is effected immediately 
after making the previous transfer (before replugging the tubes) to allow time for 
sufficient cooling. Time does not permit flaming the tubes after making the transfer. 
For this reason, care in transferring and seeding is necessary. Due caution is observed 
to prevent either the seeding pipet or the transfer needle from touching the sides or 
mouth of these. 

8. After completion of the transferring, the subculture tubes are incubated at 
37° C. for 48 hours and results read. Macroscopic examination is sufficient. A 3-day 
incubation period or agar streak or microscopic examination may be resorted to in 
determining feeble growth, especially when organisms other than Salmonella typhosa 
are used. 

9. Recognition of the many shortcomings of the phenol coefficient method has led 
to several proposed changes. The most important one is to replace F.D.A. broth in 
the subculture tubes with a medium giving optimal growth of the test organism 
and containing a specific inhibitor for the type of disinfectant being tested. Thus, it 
is recommended that Letheen broth be used for testing quaternary ammonium 
compounds and other cationic detergents, and thioglycollate medium for mercurial 
compounds. The addition of 10 per cent blood or serum to F.D.A. broth is recom- 
mended as a general procedure for disinfectants other than the types just mentioned. 
Because body protein generally reduces bactericidal activity, they serve to eliminate 
falsely negative results due to bacteriostasis as a consequence of the carry-over of 
disinfectant to the recovery tubes. As a further precaution against bacteriostasis one 
can remove 4 loopfuls from the first tube of recovery (subculture) broth to a second 
tube. 

10. Other groups of disinfectants in common use, for which the phenol coefficient 
method of testing is not well adapted, are those compounds containing chiorine as the 
active agent as well as oxidizing agents in general. These are affected so materially by 
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the presence of organic matter that the phenol coefficient grossly misrepresents their 
value under practical conditions of use, and is misleading to the consumer when placed 
on the label. 

Calculation of the Phenol Coefficient. 1. The results of the test are expressed 
in terms of the phenol coefficient. This represents the germicidal value of the diluted 
disinfectant as compared with the diluted phenol control. It is a figure obtained by 
dividing the numerical value of the greatest dilution (the denominator of the fraction 
expressing the dilution) of the disinfectant capable of killing Salmonella typhosa in 10 
minutes but not in 5 minutes, by the greatest dilution of the phenol showing the same 
results, that is, by the phenol control. Thus, if the results were as follows: 


5 Minutes 10 Minutes 15 Minutes 
DISINFECTANT (X) 
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The phenol coefficient would be a equals 3.89 


2. If none of the dilutions shows growth in 5 minutes and killing in 10 minutes, 
the hypothetical dilution may be estimated in certain cases. This may be done only 
when any 3 consecutive dilutions show the following results: the first—no growth in 
5 minutes; the second, growth in 10 minutes but not in 15 minutes, and the third, 
growth in 15 minutes. Example: 


5 Minutes 10 Minutes 15 Minutes 


DISINFECTANT (X) 


The estimated phenol coefficient would be = equals 3.42. 


3. To avoid giving an impression of fictitious accuracy, the phenol coefficient is 
calculated to the nearest 0.1 unless the coefficient is less than 1.0. Thus, in the 
examples cited above, the phenol coefficients would be reported as 3.9 and 3.4 instead 
of 3.89 and 3.42. 

In the preceding description, Salmonella typhosa has been mentioned as the test 
organism. Wherever any expression of phenol coefficient occurs in literature or on 
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labels it is assumed to mean the S. typhosa phenol coefficient unless otherwise stated. 
It is, however, the distinct intention of the U. S. Dept. of Agriculture not to limit the 
test to the use of one organism. In fact, the test has been found adaptable to the use 
of a wide variety of bacterial species in the determination of phenol coefficients. In 
cases where some of the more strictly parasitic bacteria are used, modifications in 
media are necessitated, and, of course, a change in the phenol dilutions. Therefore, 
discussion of the exact technic is here omitted, with the exception of that for Staphylo- 
coccus aureus. When any test organism other than S. typhosa is used it should be 
distinctly designated when stating the phenol coefficient. 

Tests with Staphylococcus Aureus. 1. S. aureus (F.D.A. strain No. 209) has been 
found to be an extremely useful organism for testing disinfectants and antiseptics and 
has been used for this purpose for a number of years. When substituted in the previous 
test the technic remains exactly the same. The phenol dilutions, however, must be 
changed. The resistance of any strain of S. aureus used in this test must come within 
the following limits: at 20° C. it must survive a 1:60 dilution of phenol for 5 minutes 
and a 1:70 dilution for 15 minutes. The following is the minimal resistance that 
would be acceptable: 


| PHENOL 5 Minutes 10 Minutes 15 Minutes 


0 0) 
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2. In the bacteriologic examination of disinfectants, the S. typhkosa and the S. 
auyeus phenol coefficients give, in general, sufficient information to render tests with 
other organisms unnecessary, except in special instances. The commonly accepted 
criterion that disinfectants for general use be employed at a dilution equivalent to the 
germicidal efficiency of 5 per cent phenol against S. typhosa (that is, 20 times the 
S. typhosa phenol coefficient) allows a reasonable margin of safety for the destruction 
of infective agents likely to be the object of general disinfection about premises with 
the possible exception of Mycobacterium tuberculosis. S. aureus, due to its ubiquity, 
resistance and ever ready tendency to cause infection, should always be employed in 
testing those substances recommended for personal use or as application for wounds. 
If the disinfectant is recommended for use externally, the temperature of test should 
be 20° C. but where such substances are recommended for use in the body cavities such 
as for mouth washes, gargles or douches this test should be conducted at 37° C. In 
such case the test should be designated as ‘““The F.D.A. method (special) S. aureus 
37°C.” At body temperature the S. aureus should show the following resistance to 
phenol: 
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MAINTENANCE OF STANDARD PHENOLIC RESISTANCE OF STAPHYLOCOCCUS 209. 1. 
This strain dissociates into rough and smooth colonies. At intervals the culture should 
be plated out and a smooth yellow colony selected. Upon inoculation into F.D.A. broth 
the growth should be perfectly homogeneous. 

2. Before testing such a culture for standard resistance, make 3 transfers to 
freshly prepared agar slants consisting of the F.D.A. broth ingredients plus 1.5 per 
cent agar. Store this medium at 4° to 10° C. in tubes which are stoppered with rubber 
or covered with a seal (J. Bact., 1946, 52:499). 


TESTS FOR, BACTERIOSTANIC ACTIVITY 

Kolmer Test Without Added Organic Matter. This test is of extreme simplicity 
and yields sharply defined results. It determines the highest dilution of a disinfectant 
capable of restraining the growth of the test organism for a stated period of time and 
is of particular value for comparing the antiseptic properties of various chemical 
agents. 

The technic is applicable to any water-soluble disinfectant. By using the proper 
fluid medium any type of bacterium may be used as the test organism. For hardy 
species such as staphylococci, B. subtilis, B. anthracis, S. typhosa, E. coli and Pseudo- 
monas aeruginosa, beef extract broth (page 374) and F.D.A. broth (page 381) are 
satisfactory, but disinfectant broth containing 2 per cent tryptose (page 381) is espe- 
cially recommended. When it is desired to use more fastidious organisms, a fluid 
medium must be selected which will produce growth from a small inoculum. The 
reader is referred to Chapter 19 for aid in the selection of media, but the ability of a 
medium to grow a very dilute inoculum should be determined before the actual test 
is attempted. 

1. As a general rule, 10 dilutions are advisable and for this purpose 10 sterile test 
tubes are arranged for each compound, including a set for the phenol controls. 

2. In all tubes except No. 1 of each series, place 1 ml. of sterile distilled water. 

3. In tubes No. 1 and No. 2 place 1 ml. of the stock solution of disinfectant which 
is 10 times higher than the final dilutions desired. Mix contents of tube No. 2 and 
transfer 1 ml. to No. 3 and so on to tube No. 10 from which discard 1 ml. 

4. In a flask of 99 ml. of the culture medium, place 1 ml. of a 24 to 48 hour 
broth culture of the test organism; with such organisms as streptococci and pneumo- 
cocci it is well, however, to seed by mixing 5 ml. of a broth culture with 95 ml. of the 
culture medium. Mix well and add 9 ml. to each tube of the set; the remaining 10 ml. 
are placed in a sterile tube as a control on the culture. 

5. The final dilutions are now ten times higher in each tube; for example, 1 ml. 
of 1:1000 stock solution in No. 1 becomes 1:10,000 and the final dilution in No. 10 
is. 1:5,120,000. 

6. The tubes are incubated and the results recorded daily for 5 days. When the 
medium remains clear the result is recorded as minus; when a visible growth appears, 
the result is recorded as plus. At the end of 24 hours incubation the tubes may be cul- 
tured by transferring several loopfuls to a solid medium to determine whether the 
organisms have been killed or merely restrained. In this manner a bactericidal test is 
conducted at the same time. The control should be subcultured at the same time to 
make sure that the organisms are viable. 
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7. The results are expressed as the highest bacteriostatic and bactericidal dilutions 
and also as a ratio when compared with the phenol results. 

8. After obtaining in this manner an approximate idea of the activity of the com- 
pound under study, a second series of dilutions is prepared in which the variations 
from tube to tube are less marked. 

Kolmer Test With Added Organic Matter. This test is conducted in exactly the 
same manner as that just described except that to 89 ml. of a suitable broth medium 
are added 10 ml. of sterile serum, blood or ascites fluid; the mixture is then seeded 
with 1 ml. of a broth culture of the test organism; with such organisms as the 
pneumococcus and streptococcus, however, it is generally advisable to use 85 ml. of 
both, 10 ml. of serum, blood or ascites fluid with 5 ml. of broth culture of the test 
organism. This gives a 10 per cent solution of serum, blood, or ascites fluid; and while 
more or less may be employed as desired, yet experience has indicated that the above 
is satisfactory for eliciting the influence of these substances upon the degree of anti- 
bacterial activity of disinfectants. 

Numerous experiments have shown that while the bacteriostatic and bactericidal 
activity of various disinfectants is reduced to a greater extent on a 50 per cent than 
on a 5 per cent dilution of serum, defibrinated blood, or ascites fluid, yet for all 
practical purposes a 10 per cent solution is satisfactory for this purpose and, in view 
of the large amounts required, is to be preferred from the standpoint of economy. 
With muscle extracts, however, it may be advisable to use equal parts with broth 
(SO per cent), as muscle extract may be prepared so cheaply and quickly that the 
questions of economy and supply are not involved. These preparations are likewise 
slightly cloudy, but not usually to a degree sufficient for interfering with the ease 
and accuracy of readings. A menstruum containing 10 per cent of a muscle extract 
prepared of ordinary beef or veal requires a far higher concentration of disinfectants 
than a menstruum of 10 per cent blood or serum; this is doubtless due to the presence 
of large numbers of various bacteria in addition to the test crganism. 

Other special media may be employed in tests of this kind, and while the results 
vary according to the constitution of the medium, yet if phenol is included in every 
test, the results may be expressed in terms of ratios or indices. The values, however, 
will vary according to the chemical nature of the compound and the constitution of 
the medium. For example, some compounds of mercury, like mercurophen and 
metaphen, maintain a higher degree of bacteriostatic activity in a serum, blood, or 
brain medium than mercuric chloride and thereby yield higher coefficients. In other 
words, while the bactericidal activity of almost all disinfectants is reduced in the 


presence of serum, blood, or muscle extract the degree of reduction varies considerably 
among different compounds. 


USE DILUTION—BACTERICIDAL TESTS 
Without Added Organic Matter. 1. Pipet 4.5 ml. of disinfectant into a small 
test tube. Use the dilution at which the disinfectant is to be employed in practice in- 
cluding the correct diluent (such as water or alcohol). 
2. Add 0.5 ml. of an 18 to 24 hour broth culture of the test organism. Staphylo- 


coccus 209 known to possess standard resistance to phenol is recommended. It may 
be grown in F.D.A. broth or disinfectant broth (tryptose). 
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to 10 ml. of recovery broth. F.D.A. broth containing 10 per cent blood or serum is 
satisfactory for most germicides; but Letheen broth should be used for cationic de- 
tergents, and thioglycollate broth for mercurial compounds. 

4. If the solutions being tested are for use on the body (antiseptics), the medica- 
tion tubes should be placed in a 37° C. water bath and the test carried out at this 
temperature. For disinfectants to be used on inanimate objects, the tests are carried 
out at room temperature. 

5. Incubate the recovery tubes at 37° C. for at least 4 days. Examine for gross 
turbidity, and streak all doubtful tubes to agar using a one loop inoculum. 

6. This procedure may be carried out with dilutions greater than the “use-dilution” 
when this dilution appears to kill within 15 seconds (none of the tubes positive). 

7. Repeat steps 1 through 6 with a similar culture of E. coli, proteus, pseudomonas 
or some other gram-negative bacillus. 

8. One fallacy of this technic lies in the fact that only one loopful (0.02 ml.) 
is removed from the 5 ml. of medication mixture. When testing cationic detergents 
or mercurial compounds, an absolute test for killing can be made by the following 
modifications: 

(a) Use 150 & 25 mm. test tubes and place 0.1 ml. of broth culture in the bottom 
without touching the side or top of the tube. 

(6) Add 0.9 ml. of disinfectant solution. Mix by gentle shaking and at the same 
intervals listed in step 3 pour in 20 ml. of Letheen or thioglycollate broth. 

9. Each test should be controlled by substituting saline solution or water for 
disinfectant. Failure to obtain growth nullifies the test. 

With Added Organic Matter. The procedure is exactly as in the previous test 
except that one half of the volume of a broth culture is centrifuged to sediment the 
bacterial growth. The sedimented organisms are then suspended in serum to the same 
turbidity as the original broth culture. 


DIFFUSION TESTS 

Without Added Organic Matter. 1. This is the F.D.A. agar-cup-plate method 
(Circular No. 198). 

2. Use F.D.A. agar (F.D.A. broth with 1.5 per cent agar), or disinfectant agar 
(page 382). Prepare in 20 ml. volumes. Melt and cool to 45° C. 

3. Add 0.1 ml. of a 24-hour broth culture of Staphylococcus 209. This should have 
the turbidity of tube No. 7 of the barium sulfate nephelometer (McFarland). 

4. After solidification of the agar cut out a disk with a sterile (alcohol-flamed) 
cork borer 1.5 cm. in diameter. 

5. Add 0.1 ml. of the test disinfectant at the dilution and in the menstruum in- 
tended for practical application. 

6. Cover the plate with an unglazed porcelain cover. 

7, Incubate 24 hours at 37° C. 

8. Measure the diameter of the area of complete inhibition. 

9. If the disinfectant is a tincture, a control must be set up using the same tincture 
base alone; this is usually 50 per cent ethyl alcohol plus 10 per cent acetone by volume. 

With Added Organic Matter. 1. The technic is the same except that 2 ml. of 
sterile serum is added to 18 ml. of melted and cooled agar. 
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2. Comparison of the results of the two types of tests furnishes information rela- 
tive to the effect of organic matter upon penetrability and/or bacteriostatic activity 
of the disinfectant. 


TOXIC Tiny STESHS 


By Application to the Skin. 1. Remove the hair from the flank of a white rabbit 
by shaving or with a depilatory agent. 

2. Sponge well with water-soaked cotton. 

3. The following day examine for evidence of irritation. If there is none, apply 
the antiseptic in the dilution intended for use by soaking a gauze sponge with it and 
rubbing the skin for 10 seconds. 

4. Observe periodically during the next 24 hours for erythema and edema. 

By Intra-abdominal Injection in Mice. 1. This procedure is adaptable to a com- 
parison of several disinfectants. 

2. Prepare a series of dilutions of the concentrated or pure agents ranging from 
1:100 to 1:5000. If they are intended for use as aqueous solutions, dilute with distilled 
water; if they are to be tinctures, use 25 per cent ethyl alcohol-5 per cent acetone. 

3. Inject at least 6 mice with each dilution using a standard volume of 0.1 ml. A 
tuberculin-type syringe and 26 gauge needle should be employed. 

4. Observe for 4 to 5 days and record the number of surviving mice. The lowest 
dilution which permits approximately one-half of the mice to survive is the LD/50 
(lethal dose for 50 per cent). 

5. A similar number of mice must be injected with the tincture base alone as a 
control on its toxicity. 

6. All dead mice should be autopsied and the heart’s blood cultured to rule out 
concurrent infection with S. typhimurium. The method for autopsy culturing is de- 
scribed on pages 491 to 493. 


PRACTICAL, USAGE: TESTS 


These are usually the most significant in that they are designed to simulate the 
conditions of practical application. A very large number of procedures has been 
proposed to suit particular demands. It is beyond the scope of this book to describe 
any of them in detail. The reader is referred to the following articles which contain 
methods suitable for the situations most commonly encountered and which will serve 
as examples of the types of recommended procedures. 

PREOPERATIVE ANTISEPSIS. Price, J. Infect. Dis., 1938, 63:301. 

EVALUATION OF SKIN ANTISEPTICS. Nungester and Kemp, J. Infect. Dis., 1942, 
71:174. Sarber, J. Pharmacol. & Therap., 1942, 75:277. Spaulding and Bondi, J. 
Infect. Dis., 1947, 80:194. 


STERILIZATION OF SURGICAL INSTRUMENTS. Spaulding, Surg., Gynec. & Obst., 1939, 
69:738. 


STERILITY TESTS OF BIOLOGIC PRODUCTS 
1. Commercial biologic products are tested for sterility according to specifications 
established by the National Institutes of Health. The approved methods are contained 
in the circular, Culture Media for the Sterility Test, 2nd revision, Feb. 5, 1946, and 
may be obtained from the National Institutes of Health, Bethesda, Maryland. 
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2. Fluid thioglycollate medium is accepted as standard. Table 36, taken from the 
Difco Manual, shows the recommended procedure for the sterility testing of biologic 
products containing the commonly employed preservatives. 


LABLE 36. MINIMUM AMOUNT OF CULTURE MEDIA PER ONE ML. OF INOCULUM. 


C erat Minimum 
Preservative aed af ae Biologic Product Volume of 
of Preservative Rauan 


Phenol 0.5 % Serum and Vaccine 40 ml. 
Cresol 0.35% Serum 60 ml. 
Merthiolate 1:10,000 Toxoids 10 ml. 
Phenyl mercuric acetate 1:35,000 Human plasma 10 ml. 
Phenyl mercuric borate 1:50,000 Human plasma 10 ml. 
Phenyl mercuric nitrate 1:100,000 Normal saline 10 ml. 
Chlorbutanol 0.5 % 40 ml. 


Formalin 0.4 % 


METHODS FOR TESTING QUATERNARY AMMONIUM DISINFECTANTS 

1. The original phenol coefficient method does not give reliable results with 
cationic detergents (Ann. Rev. Microbiology, 1947, 1:173). 

2. By substituting Letheen broth (page 382) for F.D.A. broth, however, a neutral- 
izer is provided to overcome bacteriostasis. The results obtained with this modification 


are fairly reliable. 

3. Loop subculture is likely to give inconsistent results. To overcome this diffi- 
culty, Klarmann and Wright (Soap and Sanitary Chemicals, 1946, 22:125) proposed 
a semimicro technic which is herewith described in modified form. 

Semimicro Bactericidal Test. 1. Using a 1.0 ml. pipet carefully place 0.5 ml. of 
the desired dilution of disinfectant at the bottom of each of 3 sterile 150 * 25 mm. 
tubes which are then placed in a 20° C. water bath. Place the tube containing a 20 
to 24 hour F.D.A. broth culture of Salmonella typhosa, Hopkins strain, in the 20° C. 
water bath for 5 minutes. 

2. Using a 0.2 ml. Kahn pipet add 0.05 ml. of culture to each tube by tilting the 
tube and placing the inoculum directly above the level of the solution. Do not allow 
the pipet to touch the tube anywhere else. By tilting the tube further mix the inocu- 
lum with the solution. Shake several times. Record the time. Repeat this step with 
the other 2 tubes and record the time. 

3. At the end of 5 minutes pour 20 ml. of Letheen broth into the first tube; after 
10 minutes add 20 ml. to the second tube; after 15 minutes do the same with the 
third tube. Shake the tubes and incubate at 37° C. for at least 48 hours. 

4. Examine for growth and make smears of positive tubes as a check against 
contamination. 

5. This test must be controlled by lightly inoculating 20 ml. of Letheen broth 
with the test organism and, after shaking the tube, pouring the contents into a tube 
containing 0.5 ml. of the disinfectant but not containing the 0.05 ml. inoculum. 

6. By testing appropriate dilutions it is possible to determine the highest dilution 


which kills in 10 but not in 5 minutes. 
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7. In this manner a series of different quaternary ammonium compounds may be 
reliably compared. 


METHODS FOR TESTING FUNGICIDES 


Fungistatic Test for Water-Miscible Substances. This test by Burlingame and 
Reddish (J. Lab. & Clin. Med., 1939, 24:765) is a modification of the original agar- 
cup-plate method (see Diffusion Tests, page 607). 

1. Use a standard test organism, Trichophyton mentagrophytes, Emmons No. 
640, which may be obtained from Dr. C. W. Emmons, National Institutes of Health, 
Bethesda, Md. 

2. Prepare 18 ml. tubes of Sabouraud’s glucose agar (page 403). Melt, cool to 
45° C. and add 2 ml. of sterile serum. Pour into sterile petri plates. When hardenez 
the entire surface is streaked with a 10-day old Sabouraud’s glucose acid broth (page 
403) culture. This is done by dipping a sterile cotton swab into the culture after 
thorough shaking and pressing and rolling it against the side of the tube to squeeze 
out excess fluid. 

3. A 2 cm. disk is cut from the agar with a sterile cork-borer and approximately 
0.8 ml. of the test fluid added. 

4. The appropriate dilutions for testing vary with the activity of the compound. 
The following dilutions are recommended for preliminary trial: 1:25, 1:100, 1:250 
and 1:500. Each dilution should be run in duplicate. 

5. Cover the plates (4 or 6 cups per plate) with unglazed porcelain or Brewer 
metal-absorbent disk covers and incubate at room temperature for at least 7 days. 

6. Activity is measured by the size of the inhibitory zones. 

Fungistatic Test for Alcohol-Soluble Substances. This test by Schamberg and 
Kolmer (Arch. Dermat. & Syph., 1922, 6:746) is as follows (modified) : 

1. Prepare 20 ml. volumes of 10 per cent serum agar as previously described. 

2. Add 0.1 ml. of an alcohol solution of the test material and pour into petri plates. 

3. Streak the entire surface with the test organism as previously described. 

4. Incubate for one week at room temperature and determine the highest dilution 
which completely inhibits growth. 

5. The proper dilutions vary with the activity of the test materials. For pre- 
liminary trials use 1:100, 1:250, 1:1000, 1:5000 and 1:25000. 

Fungicidal Test for Water-Miscible Substances. This test modified after that 
of Burlingame and Reddish (J. Lab. & Clin. Med., 1939, 24:765) and Golden and 
Oster (J. Am. Pharm. A., 1947, 36:359) is as follows: 

1. Streak one plate of Sabouraud’s glucose agar with the Emmons No. 640 strain 
of T. mentagrophytes which as a 10-day old spore suspension survives contact with 
1:80 but not with 1:60 phenol for 10 minutes at 20° C. 

2. Incubate at room temperature for 10 days. 

3. Cut out 1.0 cm. disks with a sterile cork borer. Using sterile fine forceps remove 
a disk to 5 ml. of sterile serum. Keep the disk immersed for 15 seconds. Transfer to 
5 ml. of an appropriate aqueous dilution of the test material. The dilutions to be 
tested should range from 1:5 to 1:1000. 

4. After an exposure of 1 minute remove the agar-fungus disk and rinse in 10 ml. of 
Sabouraud’s glucose acid broth. Shake gently for 15 seconds and transfer to a second 
tube of broth. Incubate this tube for 7 to 10 days at room temperature, 
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5. Include a fungistatic control by carrying a sterile agar disk through the same 
procedure and then adding a very dilute inoculum to the broth tube in which the agar 
block is to be incubated. 

Fungicidal Test for Alcohol-Soluble Substances. This test by Golden and Oster 
(J. Am. Pharm. A., 1947, 36:359) is the procedure just described modified as follows: 

1. Make dilutions in 95 per cent ethyl alcohol. 

2. After exposure to fungicide, remove the agar disk to 10 ml. of broth for 3 
minutes. Then transfer to 10 ml. of a 30 per cent solution of acetone in sterile distilled 
water. Rinse with gentle shaking for 5 minutes. Now rinse the disk in sterile broth 
for 2 minutes to remove the acetone. 

3. Clasp the disk with sterile forceps and with the culture side down spread it 
over the surface of a Sabouraud’s glucose agar plate. 


4. Incubate at room temperature for 7 to 10 days and determine the ene? 
dilution which fails to show growth. 
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DIAGNOSTIC MYCOLOGIC METHODS 


Principles. 1. The majority of diseases due to the pathogenic fungi and yeasts 
with which the clinician comes in contact are those which produce superficial lesions 
of the skin and mucous membranes. The former are caused, for the most part, by 
members of the genera Microsporum, Trichophyton and Epidermophyton. Fungi for 
which no sexual stage is recognized are known as fungi imperfecti, but the term has 
little significance. Most dermatophytes are imperfect. 

2. In Sabouraud’s classification, fungi having small spores in which the elements 
are found in mosaic arrangement and in profusion on the surfaces of hairs, are known 
as Microspora. The next group consists of the Trichophyta, divided into endothrix, 
which invades the hair shaft with the formation of large spores in linear arrangement; 
and ectothrix, which forms chains of spores external to the hair. The endothrix 
microorganisms are usually not inoculable into laboratory animals whereas the ecto- 
thrix fungi are often pathogenic for them. Achorion schoenleinii is a special species of 
Trichophyton producing a characteristic scalp infection known as favus. The term 
“Epidermophyton” indicates lack of invasion of a hair follicle. 

3. Laboratory diagnosis can usually be made by direct microscopic examinations 
of hairs or scrapings from the lesions. Not infrequently, however, cultures are required 
as in differentiation between Microsporum audouini and Microsporum canis (lanosum). 
Clinical differentiation is made upon the basis of a more inflammatory type of lesion 
usually produced by Microsporum canis, but noninflammatory lesions may also be 
produced by this fungus. In such cases identification of species is necessary for correct 
therapeutic measures. Thus, lesions due to Microsporum canis usually respond readily 
to the local application of fungicides, whereas those due to Microsporum audouini 
can be treated successfully only after epilation. 

4. Less readily recognized clinically are those mycotic diseases which either occur 
less frequently or produce infections without an initial local lesion. Examples are 
pulmonary and intestinal actinomycosis, chromoblastomycosis, systemic histoplasmosis 
and cryptococcosis. Indeed, diagnosis of such infections is often delayed, or in the 
case of a fatal termination, discovered only at autopsy. 

5. Laboratory diagnosis may require several types of examinations. Direct micro- 
scopic (wet-mount) examinations of specimens of skin scrapings, hairs, nail scrapings, 
pus or exudates are the simplest and the first step in establishing diagnosis, but rarely 
permit one to identify species. Cultural methods, including slide cultures, are frequently 
the only means of identification. The phenomenon of fluorescence is helpful in deter- 


mining the presence of tinea capitis and tinea versicolor. Animal inoculation tests are 
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sometimes helpful, especially in the case of deep fungus infections, if negative results 
are observed with direct examinations or cultures. 


COLLECTION OF MATERIALS 


1. The selection of suitable materials for examination is very important. If there 
are different types of lesions, specimens should be obtained from all. An abundance 
of material is usually desirable, but a small amount of good material is better than 
a large amount of unselected material. Specimens should be collected in sterile con- 
tainers for delivery to the laboratory, but it is frequently better to send the patient 
to the laboratory for the best possible selection of material and to reduce the inci- 
dence of contaminations. Specimens for examination should be sent to the laboratory 
and examined without delay. Material more than 3 or 4 hours old is less apt to prove 
satisfactory. Whenever possible specimens should be taken by or in the presence of 
the examiner. 

2. Since treatment may affect the abundance and the stage of development of 
a fungus, material from untreated areas and especially from recent ones, is preferred. 
Thus, the components of a medicament may obscure a fungus or confuse the examiner 
by their similarity to fungous elements, 7.e. oil droplets may resemble yeast cells. With 
ringworm of the scalp the infected hairs should be selected while the patient is observed 
under the filtered ultraviolet rays of a Wood’s light since these reveal infected hairs 
and the sites of tinea versicolor which are not readily discerned in daylight. 

3. Removal of accidental saprophytic fungi from the surface of a lesion may 
usually be accomplished by cleansing with 70 per cent alcohol. Sterile instruments 
should be employed for the collection of material. 

4. When infection produces a porous condition of the nails, the deeper parts are 
preferred for examination. Small portions of crumbly material are better than large 
clippings or even the entire nail. Horny or scaly material is practically useless for 
direct examinations but is suitable for cultures. Fungi are frequently found at the sites 
of apparently healed lesions which are sometimes responsible for recurring infections 
unless treatment is continued. 

5. In the case of pustules or abscess-like lesions it is advisable to aspirate the 
exudate from unopened lesions with a sterile syringe. 

6. Biopsies for mycologic examination should be taken aseptically and sent to 
the laboratory in sterile containers. Part of the specimen should be fixed and sectioned 
for microscopic examination and the remainder used for mycologic and bacteriologic 
examinations. 

7. In suspected mycosis of the lungs, a specimen of sputum or a fragment of tissue 
obtained bronchoscopically should be examined. It is frequently difficult to decide by 
direct or cultural examinations whether candida (monilia), actinomyces or other 
microorganisms are actually producing infection of the lungs or are merely present 
in the mouth as saprophytes. 

8. With every specimen, in addition to the usual data, the following information 
should be furnished: (a) the nature and source of the material, (b) the time of col- 
lection, and (c) the type of fungus suspected by the clinician. 

9, Material for mycologic examination should be divided into three parts: (a) 
for direct examination, (d) for culture, (c) for possible animal inoculation and special 


tests. 
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GLOSSARY OF COMMON MYCOLOGIC TERMS * 
Arthrospore A spore formed of segments of a hypha and released by disarticulation. 
Ascocarp Fruiting body containing asci, called perithecium if closed and apothe- 
cium if open or cup-shaped. 
Ascomycetes True fungi characterized by producing ascospores (Fig. 238). 
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Fig. 238. Types of sexual spores. 


A, blastospore (asexual). B, ascospores in an ascus yeast cell. C, zyospore. D, apothecium 
(ascocarp). E, perithecium (ascocarp). F, basidiospores on a basidium. G, toadstool, a higher 
basidiomycete. (From Conant and others, Manual of Clinical Mycology. Courtesy of W. B. Saunders 
Company.) 


Ascospores Group of spores, usually 4 or 8, enclosed in a sac, or ascus. 

Basidiomycetes True fungi with septate mycelium and characterized by developing 
spores (basidiospores) at the end of a club-like structure (basidium). 

Blastospore A spore formed by budding (asexual) (Fig. 239). 

Chlamydospore A large, round, resting spore, either intercalary, lateral or terminal, 
with a tough and frequently double contoured (thick) wall. 

Columella The distal end of hypha forming the supporting center of a sporangium. 

Conidia Spores formed directly from the vegetative portion by constriction, budding 
or septate division (microconidia). 

Conidiophore A hypha bearing conidia. 

Coremium Bunched groups of conidiophores seen in some species (resembles a 
bunch of asparagus) (Fig. 240). 

Eumycetes True fungi, consisting of Phycomycetes, Ascomycetes, Basidiomycetes 
and Fungi Imperfecti. 

Fungi Imperfecti True fungi for which no sexual stage has been demonstrated. 

Fuseaux Fusiform septate macroconidia, produced by certain fungi (Trichophyton). 

Hypha The single thread-portion. 


* After Conant and others, Manual of Clinical Mycology, Philadelphia, W. B. Saunders Co., 1944. 
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Fig. 239. Asexual spores (various types of thallospores). 
(From Conant and others, Manual of Clinical Mycology. Courtesy of W. B. Saunders Company.) 
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Fig. 240. Asexual spores (various types of conidia). 
A, sporangiospores or sporangia of a phycomycete. B, conidia of penicillium. C, conidia of 
aspergillus, D-K, various types and arrangements of microconidia and macroconidia. (From Conant 
and others, Manual of Clinical Mycology. Courtesy of W. B. Saunders Company.) 
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Hyphae, aerial Hyphae which extend upward from the surface of the medium and 
give the colony a fuzzy appearance. 

Macroconidia Large, usually multicellular conidia which may be round, oval, pear- 
shaped or club-shaped. 

Microconidia Small, single-celled conidia which may be round, ovoid, pear-shaped 
(pyriform) or club-shaped (clavate). 

Mold A fungus growing in the form of branching filaments and without a yeast stage. 

Mycelium A group or matted mass of branching hyphae. 

Oidia Arthrospores of cylindrical form. 

Pectinate bodies Comb-like hyphae formed by some fungi. 

Phycomycetes True fungi characterized by nonseptate mycelium. 

Pseudohyphae Elongated buds which form branching chains of attached cells con- 
stricted at the points of septation, as in Candida albicans. 

Pseudomycetes False fungi, including bacteria, actinomyces and nocardia. 

Rhizoides Root-like groups occurring along stolons. 

Septa Transverse walls within a hypha dividing it into cells. 

Sporangiophore A hypha bearing sporangium. 

Sporangium A sac containing an indefinite number of spores, usually many, at the 
end of a hypha. 

Sporehead A collection of spores at the tip of an aerial hypha. 

Spores Cells developed for the propagation of the species. 

Sterigma A short flask-shaped structure at the end of a conidiophore and bearing 
chains of conidia (as in Aspergillus). 

Stolon Runner-like branches of certain fungi (Rhizopus). 

Thallospore Any spore directly formed from the main hypha or thallus. 

Thallus The actively growing vegetative organism as distinguished from the repro- 
ductive portions. 

Vesicle The swollen end of a conidiophore. 

Yeast Single-celled fungus which buds but does not produce true hyphae. 

Yeast-like mold A fungus which exhibits both yeast stage and a typical mold form. 

Zygospore A large, thick-walled body resulting from the fusion of two approximating 
hyphae. 


DIRECT METHODS OF EXAMINATION 


The purpose is to determine the presence of fungi. In many instances this is suffi- 
cient for diagnostic purposes and in the case of tinea versicolor and a few other mycoses, 
the sole means of examination. A positive result is much more valuable than a negative 
one. Direct examinations, however, do not usually suffice for establishing the identity 
of the species. 

1. Place some hairs, scrapings and scales on one end of a clean slide and add a 
small drop of 10 per cent solution of potassium hydroxide. Place a coverglass over the 
preparation and add by capillary attraction almost enough hydroxide to fill in the 
space between the coverglass and the slide. More concentrated solutions of hydroxide 
may result in crystallization and interfere with the examination. 

2. Allow the hydroxide to act for 5 to 10 minutes or until the tissue elements have 
been dissolved, thus leaving the fungi free for observation. Pass the slide through the 
flame of a bunsen burner three or four times. Examine it under the microscope. If the 
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preparation is not clear, reheat it and examine. Repeat this until the tissue is clear 
enough for a satisfactory examination. 

3. Examine microscopically by reduced transmitted light, under low and high 
magnification, for the presence of fungi. 

4. Determine the presence of molds inside or outside the hair shaft, or both within 
and without. 

5. A solvent which may be used when time can be allowed for clearing of the 
material, and which offers a semipermanent specimen, is an aqueous solution contain- 
ing 5 per cent potassium hydroxide and 25 per cent glycerin. With this, little or no 
crystallization occurs and the material does not dry. In the examination of pus, when, 
for instance, actinomycosis or blastomycosis is suspected, this solution is advantageous 
as a solvent since the pus cells are destroyed and the fungus material becomes more 
apparent. 


Fig. 241. Artefacts frequently found in skin scrapings. 
A, cotton fiber; D, mosaic fungus; F, crystals of potassium hydroxide; G, oil globules, which 
may simulate fungus spores. (From Lewis and Hopper, An Introduction to Medical Mycology. 
Courtesy of Year Book Publishers, Inc.) 


6. Staining is seldom practical in the superficial mycoses because the hydroxide 
quickly discolorizes most stains. The best stain for demonstrating fungi with wet or 
dried preparations is lactophenol cotton blue. 

7. Thin scales, such as those of tinea versicolor, erythrasma or tinea capitis, may 
be placed on a slide, washed in acetone to remove fat and mixed for 3 minutes with 
Loeffler’s methylene blue, which is then drawn off with blotting paper. The specimen 
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is then dehydrated with 95 per cent alcohol and xylol and mounted in Canada balsam 
or clarite. This method, described by Lewis and Hopper, gives a permanent stained 
mount, but is not suitable for thick sections. 

8. Filaments are rarely observed in dairs except in favus. Spores vary in size, being 
largest in the endothrix Trichophyta (T. violaceum, T. crateriforme, T. sulfureum). 

9. In scales and macerated skin from tinea glabrosa, filaments are usually present. 
If the disease is of long duration, spores may be found. 

10. In such preparations it is difficult, if not impossible, to distinguish Micro- 
sporum, Trichophyton and Epidermophyton. They all occur as segmented, branching 
mycelial elements. 

11. In preparations of mails the fungi are found in the deeper parts. The hyphae 
seldom branch and do not occur in a tangled network. Many spores may be present. 

12. Fungi are rarely found in material from superficial pustules or blebs. Granules 
usually denote actinomycosis. 

13. The direct examination of sputum is not reliable except in the case of cocci- 
dioides immitis. Contamination is hard to eliminate. 

14. Artefacts commonly occur and may readily result in error. These include the 
so-called mosaic fungus (Weidman), the exact nature of which is in dispute, sapro- 
phytes, oil and grease, air, cotton fibers, feathers and many other substances (Fig. 241). 


CULTURAL METHODS OF EXAMINATION 


1. The area of skin from which material is to be taken should be cleansed with 
70 per cent alcohol. It is then scraped with the blade of a sterile scalpel. Hair is best 
removed by epilating forceps. Scrapings of the tongue give a good specimen from the 
mouth. Transferring the material immediately from the patient to the culture medium 
gives a high percentage of cultures free of contamination. 

2. Specimens from the deep mycoses (blastomycosis, coccidioidomycosis, histoplas- 
mosis and actinomycosis) should be routinely cultured on (a) an aerobic blood agar 
plate at 37° C. and (8) on 2 Sabouraud’s glucose or maltose agar plates; one incubated 
at 37° C. and the other at room temperature. 

3. Hairs, skin scrapings and nail material from dermatophytoses should be rubbed 
over the surface of Sabouraud’s glucose agar plates by means of forceps and then in- 
serted into cuts made in the medium. Incubate at room temperature in the dark. 

4. Yeasts, actinomyces, nocardia and Candida albicans grow comparatively rapidly, 
being well developed in 2 to 5 days. Blastomyces, coccidioides and histoplasma develop 
somewhat more slowly (5-8 days). Ringworm fungi are the slowest; 2 to 3 weeks may 
be required before characteristic colonies develop. 

5. Many yeast-like fungi (blastomyces, histoplasma and coccidioides) grow pre- 
dominantly in the yeast form at 37° C., and as typical molds at room temperature. 

6. When growth occurs, observe the characteristics of the colony. A colony may 
be flat, rounded, fissured, cerebriform, umbilicated, folded or concentrically ringed. 
Changes in the composition of the medium may affect its gross appearance. The 
margins may be sharply defined or may fade into the medium. A downy or filamentous 
growth occurs when the vegetative aerial mycelia predominates and is loosely arranged. 
If the mycelia are closer together, the growth appears compact or velvety. A granular 
surface is due to the presence of spores. A pasty surface denotes a yeast-like organism. 

7. AGAR-WINDOW PLATES. Since identification of fungous colonies frequently de- 
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pends on the development of special structures upon aerial hyphae, it is convenient 
to arrange for the aerial growth to occur at right angles to the surface of the agar plate 
and to have a clear space beyond to assist with microscopic examination. This is done 
by cutting out, with a sterile scalpel, a 14 to 4 inch square of agar before inoculation 
which is made at the edge of the cut-out agar. 

8. Henricr’s Stip—E CuLtturE Meruop. This is a convenient procedure for detect- 
ing specialized structures which develop beneath the agar surface as well as aerial 
forms. The method is as follows: (a) wash a glass slide and coverglass, cover with 
alcohol, and flame; (0) inoculate 1.0 ml. of melted Sabouraud’s or corn meal agar with 
a portion of the colony to be studied, shake the tube and transfer one or two loopfuls 
to the center of the slide (do not spread); (c) place the sterile coverglass on top of 
the soft agar and press down for about 1 mm.; (d) with a Pasteur pipet seal two of 
the edges of the coverglass with melted paraffin; (e) place the slide in a petri dish 
which has been autoclaved with 2 or 3 layers of wet filter paper in the bottom; (f) 
incubate at room temperature in the dark; (g) examine wet or stained preparations 
microscopically. 

9. THE Brown Micro Stipe Metuop. This method for fungus culture is likewise 
very satisfactory as follows: the slide (Fig. 242) is sterilized by passing it through a 


Fig. 242. Brown microslide for fungus culture. 


(Courtesy of Arthur H. Thomas Company.) 


flame. If agar is to be used, the slide should be placed on a warm stage or on a hot 
water bottle. Small droplets of mineral oil are placed at the six points marked “x.” A 
large loop of the inoculated medium (for example, Sabouraud’s agar) is placed on the 
central stage at the spot marked “O.” The preparation is then carefully covered with 
a flamed 25 mm. coverglass which should cause the inoculated medium to spread out 
in the form of a broken circle ou either side of the notch at the edge of thé stage, 
which notch serves as an air inlet. The slide may now be incubated in a petri dish 
containing a piece of moist filter paper to prevent drying. If it is desired to arrest 
growth of the culture at any stage and to make a permanent preparation, place the 
slide culture into a desiccator over formaldehyde solution for several hours and then 
seal off with melted paraffin the exterior air inlet, 7.e. the short, straight moat extending 
from the edge of the slide to outer concentric moat. The culture can be observed at 
any time under the dry objectives of the microscope. Structures near the coverglass can 
be observed under the oil immersion objective. 


METHODS FOR THE IDENTIFICATION OF FUNGI 
Direct Examinations. These are of value in the identification of the ringworm 
fungi and for the detection of the sulfur granules of Actinomyces bovis in wet 
preparations of exudates. Otherwise, however, direct examinations are of limited diag- 
nostic value. If only yeast forms are found, it is possible that the fungus will prove to 
be a yeast-like mold when cultured on Sabouraud’s agar at room temperature. If only 
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mycelial elements are seen, it is difficult to determine which of the many types of molds 
is present. Direct examinations, however, suggest the general nature of the fungus 
present and should be conducted routinely. 

Appearance of Colonies. The first step in identification is to determine whether 
the unknown colony belongs to (a) the actinomyces-nocardia group, (2) the yeasts, 
(c) the yeast-like molds or (d) the true molds. 

Actinomyces bovis produces a small bacterial type of colony on primary isolation. 
Colonies of nocardia are rougher, more opaque, frequently pigmented and eventually 
develop aerial hyphae. They become buried in the agar and are difficult to dislodge. 

Yeasts produce colonies which are convex, opaque, either smooth and glistening or 
dry. They vary from white to a cream color resembling colonies of staphylococci; a 
definite yeasty odor is often present. 

Yeast-like molds on primary isolation produce colonies on blood agar at 37° C. 
resembling those of yeasts. Upon further incubation hyphae develop which, however, 
may require microscopic examinations for detection. On Sabouraud’s agar at room 
temperature the mold characteristics, which are readily observed, appear in varying 
degrees. 

True molds produce large, fuzzy, white colonies with a leathery consistency which 
grow into the agar, usually with some discoloration; as a general rule they are readily 
identified. 

Growth Characteristics. Actinomyces bovis grows best with anaerobic incubation 
at 37° C. Yeast-like molds are best cultivated at 37° C. on blood agar. The dermato- 
phytes grow best at room temperature on Sabouraud’s agar. 

Recognition of Special Structures. Actinomyces bovis is identified by finding 
“sulfur granules” in direct preparations. Sporotrichum schenckii may be recognized 
by the development of clover-leaf arrangements of pear-shaped conidia in agar cultures, 
Histoplasma capsulatum by tuberculated chlamydospores in agar cultures, and Candida 
albicans by characteristic chlamydospores on corn meal agar with the absence of 
ascospores. 

Biochemical Reactions. These have not been highly developed as aids in identifi- 
cation. The most valuable practical applications are fermentation reactions differentiat- 
ing the candida species. 

Animal Inoculation Tests. Actinomyces bovis, yeasts, yeast-like molds and molds 
may produce lesions upon inoculation in laboratory animals. In most instances only 
chronic, localized infections are produced. These tests are of no value as aids in the 
identification of the ringworm fungi (dermatophytes). The animal of choice varies 
with the different fungi, as subsequently described. 


CLASSIFICATION OF THE PATHOGENIC FUNGI 


The following list classifies the pathogenic fungi according to the diseases produced: 


ee PATA COSTS Oia fn 2 tk 5's. 50. 5G raat tec Actinomycis bovis 
Aspergillosis (pulmonary) ............... Aspergillus fumigatus 
BRS ubSE fers Gi oe ey Blastomyces dermatitidis 
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Cryptococcosis (torula meningitis) .... Cryptococcus neoformans 
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Dermatophytids 


Favus 


Histoplasmosis 


Moniliasis 


Nocardiasis 


Onychia 


Otomycosis 


Paronychia 


Sporotrichosis 


Tinea barbae 


Tinea capitis 


Tinea corporis 


Tinea cruris 


Tinea pedis (athlete’s foot) .... 


Tinea unguium 


Tinea versicolor . . 


621 


Allergic reactions to the products of Trichophy- 
ton (trichophytids) or te Candida albicans 
(moniliids). 


Nocardia minutissimum 

Trichophyton (Achorion) schoenleinu 
Histoplasma capsulatum 

Candida (Monilia) albicans 

genus Nocardia 

Candida albicans 


Aspergillus fumigatus, usually associated with 
bacterial infections. 


Candida albicans 
Sporotrichum schenckiu 


Several species of Microsporum and Trichophy- 
ton. 


Microsporum audouini; M. canis (lanosum) ; 
M. gypseum and several species of Trichophy 
ton. ; 


Several species of Microsporum and Tricho- 
phyton. 


Epidermophyton floccosum and several species 
of Trichophyton. 


.. Several species of Trichophyton and Epidermo- 


phyton. 


Epidermophyton floccosum, Candida albicans 
and several species of Trichophyton. 


Malassezia furfur 
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1. The most valuable method is the direct examination of the skin, nail scrapings 


or hairs, as previously described. 


2. The Wood’s lamp, using filtered ultraviolet light, is very helpful since skin and 
hairs with certain species show characteristic fluorescence. 


3. Cultural methods may be employed 


but are not routinely required. 


METHODS FOR THE IDENTIFICATION OF MICROSPORUM AUDOUINI 


1. This fungus is the usual cause of epidemic ringworm of the scalp (tinea capitis). 


It is transmitted from child to child. 
2. Upon direct examination it appears 


in the form of a mosaic sheath of spores 


around stubby hairs (Fig. 243). There is little tendency to chain formation. The spores 
are round and small. In infections of the glabrous skin, mycelia may be detected. 
Lanugo hairs are occasionally infected. Infected hairs present a bright green fluorescence 
under the Wood’s lamp. 

3. Growth on Sabouraud’s glucose agar is slow (1 to 2 weeks) and appears as a 
white feathery fluff. When developed the colony consists of closely matted, velvety 
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aerial mycelia, light gray to brown in the center with radiating furrows. Under the 
Wood’s lamp it shows a dull gray fluorescence. 

4. Microscopically a few large, multiseptate, spindle-shaped macroconidia may be 
found but soon disappear. The microconidia are small, lateral and borne on short sterig- 
mata. Pectinate bodies and chlamydospores may be present. 


Fig. 243. Microsporum audouini. 


B, infected hair showing mantle of spores, X 365. D, cultural growth after two weeks. F, culture 
mount showing microconidia in clusters and as hyphae sporiferae. (From Lewis and Hopper, An 
Introduction to Medical Mycology. Courtesy of Year Book Publishers, Inc.) 


METHODS FOR THE IDENTIFICATION OF MICROSPORUM CANIS 
(LANOSUM} 


1. This fungus produces one type of ringworm of the scalp (tinea capitis) con- 
tracted from the lower animals, ringworm of the bearded region (tinea barbae) and 
ringworm of the skin (tinea glabrosa) as well as intertrigo of the toes. 

2. Upon direct examination its appearance in the sheath around the infected hair 
is indistinguishable from that of M. audouini in the same location (Fig. 244). The 


Fig. 244. Microsporum canis (lanosum). 
B, infected hair showing mosaic of spores outside the hair shaft, x 350. E, growth on glucose 


agar after 10 days. J, culture mount showing pointed fuseaux. (From Lewis and Hopper, An Intro- 
duction to Medical Mycology. Courtesy of Year Book Publishers, Inc.) 


individual spores are small, round and present in clusters. Lanugo hair is sometimes 
infected. Under ultraviolet light infected hairs show a bright green fluorescence. A few 
mycelial elements may be detected in the smooth skin. 

3. The colony develops in about one week with cottony aerial mycelia which 
becomes powdery and buff to light brown in the center. The reverse side of the colony 
is reddish-brown to orange in color. It fluoresces with a lavender-blue color in the 
center with a gray border. 


IDENTIFICATION OF TRICHOPHYTON (ACHORION) SCHOENLEINII 623 


4. Wet preparations show numerous large multiseptate, spindle-shaped, thick- 
walled macroconidia (fuseaux). A few club-shaped microconidia may be present, as 
well as pectinate bodies and chlamydospores. 


METHODS FOR THE IDENTIFICATION OF MICROSPORUM GYPSEUM 


1. Like M. canis (lanosum) this fungus is also of animal origin and produces a 
relatively acute inflammatory reaction. Infections occur less frequently than with M. 
canis. 

2. The spores in infected hairs cannot be distinguished from those of other micro- 
spora. Infected hairs show a light green fluorescence under the Wood’s lamp. 

3. Colonies develop rather quickly, becoming powdery and buff to light brown in 
color. Occasionally well-developed aerial hyphae form which are white at first but later 
a light brown in the centers. The reverse ot the colonies are of a reddish-brown to 
orange color. A cinnamon-brown fluorescence is observed under the Wood’s lamp. 

4. Microscopically, numerous ellipsoid, multiseptate macroconidia are observed. 
A few macroconidia, pectinate bodies, and chlamydospores may pe found. 


METHODS FOR THE IDENTIFICATION OF TRICHOPHYTON 
(ACHORION) SCHOENLEINII 


1. This fungus is the cause of favus. It may also affect the smooth skin (tinea 
glabrosa) and the nails (tinea unguium). Diseased hairs are surrounded by yellowish, 
waxy crusts at their bases called “scutula.” 

2. Upon direct examination, large spores in chains may be found within the hair 
substance (Fig. 245). Air spaces may also be noted in the hair and attached to it; this 


Fig. 245. Trichophyton (Achorion) schoenleinii. 
C, irregular filaments and spores in the hair shaft accompanied by air bubbles, x 325. E, colony 
after one month. H, culture mount. (From Lewis and Hopper, An Introduction to Medical Mycology. 
Courtesy of Year Book Publishers, Inc.) 


is always a suspicious finding. Infected hairs have a dull green fluorescence under the 
ultraviolet light. If a scutulum is examined, a mass of sporulated hyphae will be found. 
Material from lesions of the skin show but few hyphae. Material from infected nails 
shows chains of spores. 

3. Growth in cultures is slow; sometimes a recognizable primary colony does not 
develop before 3 weeks. The growth is compact and smooth and presents a characteris- 
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tic waxy appearance. The colony grows down into the medium and in time produces 
cracking of the agar. Under a Wood’s lamp the colony shows an olive gray color. 

4. Microscopic examinations show numerous club-shaped terminal branches, many 
of which are notched at the tips. A characteristic formation is the presence of clusters 
of such clubs. Chlamydospores in large numbers may be observed also. 


METHODS FOR THE IDENTIFICATION OF TRICHOPHYTON 
MENTAGROPHYTES 


1. This fungus is one of the chief causes of the trichophyton type of tinea capitis 
and tinea barbae, and of intertriginous infections (tinea pedis or athlete’s foot, tinea 
cruris, tinea manuum, tinea unguium). It may also produce ringworm of the skin (tinea 
glabrosa). It is unstable and always likely to produce variants. Trichophyton interdigi- 
tale (Kaufmann-Wolf) is one of these. 

2. Upon direct examination it is found external to the hair (ectothrix Trichophy- 
ton) with chains of small spores. In scales, macerated skin and nail tissue the organisms 
appear as chains of spores or as segmented mycelium with little branching (Fig. 246). 
Infected hairs do not show fluorescence. 


Fig. 246. Trichophyton mentagrophytes. 


A, fungus in direct mount from the skin, x 150. I, usual type of colony. M, culture mount, x 150. 
(From Lewis and Hopper, An Introduction to Medical Mycology. Courtesy of Year Book Pub- 
lishers, Inc.) 


Fig. 247. Trichophyton violaceum. 
C, infected hair showing involvement of the shaft with large spores arranged in chains, < 355. 
E, typical colony after four weeks. I, culture mount showing simple filaments and no specialized 
forms. (From Lewis and Hopper, An Introduction to Medical Mycology. Courtesy of Year Book 
Publishers, Inc.) 


3. The colony develops slowly, is powdery to granular and of a buff to rose-tan 
color. Variations in types range from a fluffy cottony variety to velvety pure white. 
The reverse side varies from a wine to brown color. 
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4. Powdery and granular colonies upon wet- 
mount examinations show numerous microconidia 
in clusters or singly from the sides of the hyphae. 
There are coiled hyphae, nodular bodies, and 
chlamydospores, but few macroconidia (fuseaux). 
Cottony colonies show but few specialized struc- 
tures and usually consist only of branching, 
septate mycelia. 


METHODS FOR THE IDENTIFICATION OF 
TRICHOPHYTON VIOLACEUM 


1. This endothrix Trichophyton causes a type 
of ringworm of the scalp (tinea capitis) which is 
exceedingly refractory to treatment. It may also 
attack the bearded region, producing a type of 
tinea barbae. Infected hairs show a dull white 
fluorescence under ultraviolet light. 

2. In direct examination it is found invading 
the shafts of hairs (Fig. 247). The spores are 
larger than those of the microsporum and are 
arranged in rows or beads. In scales of skin and 
in nails, the fungus also occurs in the form of 
sporulated mycelium. 

3. Growth is slow. At first the colony is 
heaped, folded, waxy, and violet in color. Later 
it becomes velvety as aerial hyphae develop. Un- 
der the Wood’s lamp the colony is violet in color 
but not truly fluorescent. 

4. Under the microscope, T. violaceum has 
the general appearance of T. schoenleinii. 


METHODS FOR THE IDENTIFICATION OF 
TRICHOPHYTON TONSURANS 


1. This fungus is sometimes a cause of ring- 
worm of the scalp (tinea capitis); it may also be 
found in ringworm of the smooth skin and 
nails. 

2. Upon direct examination the hair shafts 
show the presence of large spores in chains (Fig. 
248). At times the hair appears to be entirely 
filled with fungous elements. It has a dull white 
fluorescence under ultraviolet light. 

3. In cultures the fungus grows slowly. The 
surface of the growth is creamy-white, compact 
and velvety. The central portion is sharply cra- 
teriform and yellowish to brown in color. Under 
the Wood’s lamp it is dull olive in color. 


Fig. 248. Trichophyton tonsurans. 


A, infected hair showing spores in 
the shaft, < 210. C, colony after one 
month in the winter. E, culture mount 
showing aleurospores, X 120. (From 
Lewis and Hopper, An Introduction to 
Medical Mycology. Courtesy of Year 
Book Publishers, Inc.) 
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4. Upon microscopic examination it resembles T. schoenleinii and T. violaceum. 


METHODS FOR THE IDENTIFICATION OF TRICHOPHYTON RUBRUM 

1. This fungus, which is an ectothrix Trichophyton, frequently infects the inter- 
digital webs of the toes and sides of the feet (tinea pedis or athlete’s foot), the inner 
surfaces of the thighs (tinea cruris), the hands and nails (tinea manuum and tinea 
unguium) and less frequently the scalp and beard. The infections are resistant to 
treatment. 

2. Upon direct examination so few fungus filaments occur that repeated examina- 
tions may be required before they are‘found (Fig. 249). 


Fig. 249. Trichophyton rubrum. 
B, appearance of fungus in a direct preparation from fingernail, x 305. E, culture growth. J, 
culture mount showing microconidia and fuseaux. (From Lewis and Hopper, An Introduction to 
Medical Mycology. Courtesy of Year Book Publishers, Inc.) 


3. In cultures the growth at first is fluffy and pure white. Later it becomes almost 
velvety and radial grooves may appear. The back of the colony soon develops a typical 
rose-purple color which gradually spreads. 

4. Primary cultures show many pear-shaped microconidia in clusters or singly 
along the hyphae. Fuseaux and chlamydospores are infrequent. 


METHODS FOR THE IDENTIFICATION OF EPIDERMOPHYTON 
FLOCCOSUM 


1. This fungus is the usual cause of tinea cruris and is capable of producing epi- 
demics in institutions, in camps, on ships and elsewhere. 

2. In direct examinations of scales of skin large numbers of the fungi are usually 
observed as branching filaments and chains of spores which tend to be flattened (Fig. 
250). 

3. Ja cultures a growth may not be observed for 2 or 3 weeks. The colony has a 
velvety or felted surface with irregular folds and grooves; aerial hyphae are sparse. 
The color is characteristically grayish-olive drab. Whitish tufts, which are aerial 
hyphae, appear early and may eventually cover the entire colony. 

4. Upon microscopic examination club-shaped, smooth, thin-walled fuseaux resem- 
bling bunches of bananas are frequently observed with numerous chlamydospores. 
Microconidia do not occur. 
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amt 


Fig. 250. Epidermophyton floccosum. 


A, numerous wavy filaments in a direct mount from the scales. C, colony after six weeks showing 
pleomorphic tufts and fringe. D, culture mount, X 200. (From Lewis and Hopper, An Introduction 
to Medical Mycology. Courtesy of Year Book Publishers, Inc.) 


METHODS FOR THE IDENTIFICATION OF CANDIDA ALBICANS 


1. This is a pathogenic yeast-like fungus of considerable importance in the produc- 
tion of cutaneous, mucocutaneous and broncho-pulmonary infections. Localized lesions 
of the skin include intertrigo of the toes and of the inframammary, axillary, inguinal, 
intergluteal, anal and umbilical regions, as well as eczematous patches on the smooth 
skin, eyelids and scalp. Paronychia and onychia may be produced. Thrush, perléche and 
smooth tongue are common conditions caused by this yeast. The intestinal tract of 
individuals with moniliasis, as well as those without clinical manifestations, may 
harbor the organism. It is also capable of producing vaginitis as well as infections of 
the bronchi and lungs simulating tuberculosis. Meningitis may occur. 

2. Sputum and whitish patches from the mouth should be spread out on a slide and 
crushed under a coverglass for direct examination. A better procedure is to stain dried 
smears by the Gram method. In vaginal infections, material may be collected in saline 
solution (wet-mounts are quite satisfactory for examinations). Scrapings of the skin 
and nails should be mounted on slides in drops of a 10 to 20 per cent solution of potas- 
sium hydroxide. Place coverglasses and heat gently over a flame. 

3. In fresh wet preparations, C. albicans appears as small (2 to 4 microns), oval, 
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budding thin-walled yeast-like cells (Fig. 251). Occasionally mycelial elements are 
found. The presence of mycelium excludes the possibility of true yeasts (Fig. 252) 
but this does not establish the identification of C. albicans since nonpathogenic candida 
have the same morphological characteristics. Con- 
sequently, the differentiation of the candida is by 
cultural and biochemical methods. 


4. Inoculate (a) one aerobic blood agar plate 
and incubate at 37° C., (6) two Sabouraud’s 
glucose agar plates and incubate one at room 
temperature and one at 37° C. 


5. Growth occurs in 3 to 5 days as creamy, 
medium-sized, moist or dull colonies (Fig. 253). 
There is a definite yeasty odor. 


6. In order to establish the identity of C. 
albicans, it is necessary to subculture a colony to 
(a) one tube of Sabouraud’s glucose acid broth 
at 37° C., (6) one beef extract agar slant at room 
temperature and (c) a blood agar plate (the 
original plate is satisfactory if not grossly con- 
taminated). 

7. After 24 to 48 hours incubation, the cul- 

Erg coals naidaalorcans: ture on extract agar is subcultured to corn meal 

Budding yeast cells in wet-mount agar. Hold the inoculating loop vertically and 
preparation of sputum, X 736. (From make two or three cuts in the agar. Otherwise 
Smith and Martin, Zinsser’s Textbook enare a Henrici slide culture. Incubate at room 


of Bacteriology. Courtesy of Appleton- 
Century-Crofts, Inc.) temperature for several days. 


a 


Fig. 252. Candida albicans. 


Gram-stained smear of sputum showing pseudomycelium, x 1350. (From Conant and others, 
Manual of Clinical Mycology. Courtesy of W. B. Saunders Company ) 
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8. Examine the growth in Sabouraud’s glucose broth after 48 hours (Table 37 
and Fig. 254). 


9. In 3 to 5 days the colonies on blood agar assume a characteristic appearance 
(Table 37). 


Fig. 253. Candida albicans and other candida. 


Colonies on blood agar after ten days at 37° C. A, C. albicans. B, C. tropicalis. C, C. stellatoidea. 
D, C. krusei. (From Conant and others, Manual of Clinical Mycology. Courtesy of W. B. Saunders 
Company.) 


10. The growth on extract agar is used for inoculating tubes of glucose, maltose, 
sucrose and lactose broth (Table 37). Strains of C. albicans may be variable in fer- 
mentative activity; maltose may show only acid, or sucrose may not be fermented 
at all. 

11. Examine the corn meal agar culture daily for the development of the charac- 
teristic growth. Note the fuzzy borders of the colonies. Under low magnification search 
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for tree-like mycelia and the tips of most branches for dense, thick-walled chlamydo- 
spores which are typical of C. albicans (Fig. 239). 

12. Prepare a wet mount of the Sabouraud glucose acid broth culture and examine 
for budding yeast cells, rudimentary mycelia and clusters of microconidia. 

13. Table 37 summarizes the identification of the species of candida most fre- 
quently encountered and the differentiation of the single pathogenic species (C. albi- 
cans). C. stellatoidea is most frequently isolated from vaginal and urethral material 
(Fig. 253). 


1 Z 3 


Fig. 254. Candida species in Sabouraud's glucose broth. 


1Ge tropicalis. 2. Absence of surface growth characteristic of C. albicans, C. stellatoidea and 
C. parakrusei. 3. C. krusei. (From Conant and others, Manual of Clinical Mycology. Courtesy of 
W. B. Saunders Company.) 


METHODS FOR THE IDENTIFICATION OF MALASSEZIA FURFUR 

1. This fungus is the cause of tinea versicolor. 

2. Scales should be scraped from the fawn-colored macules with a scalpel and 
mounted on a slide with a drop of a 10 per cent solution of potassium hydroxide. Put 
on a coverglass and heat gently to clear the specimen. 

3. Examine for clusters of round, thick-walled cells surrounded by short fragments 
of mycelium (Fig. 255). 

4, If the examination is negative, try mounting the scales in a drop of lactophenol 
cotton blue. Examine for stained elements having the same morphology. 

5. Cultures are not employed as there is no general agreement on the successful 
cultivation of this organism. 
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Fig. 255. Malassezia furfur. 


Clusters of round budding yeast cells in the skin, X 700. (From Conant and others, Manual of 
Clinical Mycology. Courtesy of W. B. Saunders Company.) 


METHODS FOR THE IDENTIFICATION OF NOCARDIA MINUTISSIMUM 


1. This organism is the cause of erythrasma. 

2. Scrape bits of skin from maculopapular lesions with the edge of a glass slide. 
Smear across a second slide and defat the material with a drop of ether which is 
allowed to evaporate. 

3. Add a drop of lactophenol cotton blue stain, press down with a coverglass and 
heat very gently. 

4, Examine under oil immersion lens for fine, delicate threads which may be long 
and tortuous but with prominent segmentation (Fig. 256). Coccoid forms are occasion- 
ally seen. The organism is so small that it may be mistaken for a bacterial contaminant. 
No other species of fungus can be confused with it. A prolonged and careful search 
may be necessary before the fungus can be found. 

5. Cultures are not employed as the successful cultivation of the fungus has not 
been proven. 


METHODS FOR THE IDENTIFICATION OF HORMODENDRUM PEDROSO! 


1. This microorganism is one of the 3 fungi established as causes of chromoblasto- 
mycosis. The others are Hormodendrum compactum and Phialophora verrucosa. 

2. Pus from fresh lesions is pressed to a thin film under a coverglass and examined 
directly. Crusts of warty lesions should be placed on a slide in a drop of 10 per cent 
solution of potassium hydroxide and examined under a coverglass. 

H. pedrosoi and the other two species appear as single, round, thick-walled, dark 
brown bodies which multiply by splitting and not by budding (Fig. 257). 

3. Inoculate Sabouraud’s glucose agar and incubate at room temperature for at 
least 3 weeks. : 

4. Cultures have the shape of a low cone with a diameter of about 45 mm. at the 
end of 4 weeks. The surface is covered with a grayish nap. Zonation may appear. From 
the center to the periphery a typical colony presents concentric zones of olive-black, 
brownish-olive, olive-gray and gray. After 2 or 3 months the colonies are usually brown. 

5. The morphology varies considerably in wet-mount preparations but is distinct 
from that of other fungi. Conidia develop from cups at the tips of flask-shaped conidio- 
phores on aerial hyphae (Fig. 257). 
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6. Animal inoculation tests are not ordinarily employed. Local and spontaneously 
healing abscesses follow subcutaneous injections in guinea pigs. —— - 


Fig. 256. Nocardia minutissimum. 


Stained slide showing numerous interlacing filaments, 2080. (From Lewis and Hopper, An 
Introduction to Medical Mycology. Courtesy of Year Book Publishers, Inc.) 


METHODS FOR THE IDENTIFICATION OF THE ACTINOMYCES 
1. For practical purposes the Actinomyces may be divided as follows: 


A. Aerobic, gram-positive: Nocardia madurae and “saprophytic actinomyces” includ- 
ing Streptomyces. 

B. Aerobic, acid-fast: Nocardia asteroides and “saprophytic types.” 

C, Anaerobic, gram-positive: Actinomyces bovis. 
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2. Saprophytic types are frequently encountered in cultures of the oral cavity and 
respiratory tract. They are readily differentiated from the pathogenic nocardia by the 


production of aerial hyphae in colonies. 


Fig. 257. Hormodendrum pedrosoi and Phialophora. 


A, colony after two months. C, culture mount showing the youngest spore at the tip of the 
chain of spores, <X 1000. D, culture mount from an older colony of the Phialophora type, x 1000. 
(From Lewis and Hopper, An Introduction to Medical Mycology. Courtesy of Year Book Pub- 
lishers, Inc.) 


3. Direct examinations for sulfur granules are of considerable diagnostic value. It is 
preferable for purposes of culturing to aspirate an unopened, softened lesion which 
will be free from contaminating bacteria. Remove tissue by biopsy and send to labora- 
tory in a sterile container. In pulmonary actinomycosis the sputum is examined. 

4, The usual specimen submitted from a suspected case of actinomycosis is pus 
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from a draining sinus tract. Two methods of collection are recommended. When the 
discharge is copious, hold a sterile test tube at the edge of the lesion and with pressure 
force exudate into the tube. As it runs down the side, look for small dense bodies that 
may be sulfur granules. If this procedure fails, collect the gauze dressings and examine 
for suspicious granules which should be removed to a slide for microscopic examination. 


Fig. 258. Sulfur granule of Actinomyces bovis. 


Wet-mount of pus unstained. A, showing clubs and terminal filaments. B, without clubs. (From 
Conant and others, Manual of Clinical Mycology. Courtesy of W. B. Saunders Company.) 


5. Spread the pus or material in a thin layer over the bottom of a sterile petri dish. 
Salt solution may be added if necessary. Examine with the naked eye or hand lens for 
small grayish or sulfur-yellowish granules less than a millimeter in diameter. These 
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granules may be colonies of actinomyces. By means of a platinum loop, place a granule 
on a slide and cover with a coverglass. Press out gently. If the structural details are 
obscure, place 2 or 3 drops of 10 per cent sodium or potassium hydroxide on the gran- 
ule before covering. If the granules are calcified, add a drop of concentrated acetic acid. 
This will remove the calcium and make examination possible. 

6. Examine under the low power of the microscope, 16 mm. and 10X ocular, with 
the light somewhat diminished. Then examine with the high dry objective. If the 
granule is Actinomyces bovis, the center will appear darker and made up of interlacing 
mycelia, which end in radially arranged terminals (the rays). These rays are closely 
packed together, are club-shaped or simply unsheathed filaments, and are known as 
“the clubs” (Fig. 258). There are no spores. 


Fig. 259. Actinomycotic granule. 


Edge crushed and stained by the Gram method to show mycelium, 1500. (From Conant and 
others, Manual of Clinical Mycology. Courtesy of W. B. Saunders Company.) 


The radial filaments are frequently covered with a clear hyaline deposit which is 
probably a reaction by the tissues of the host. Old granules may show well developed 
clubs. An actively growing granule shows few, if any, clubs; instead, the naked fila- 
ments may be seen protruding from the edge of the lobulated granule. Granules are 
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frequently encountered which show no clubs at all. Under these circumstances a granule 
should be gently crushed on a slide and stained for examination. 

7. The coverglass may now be removed, the specimen dried and stained by Gram’s 
method. Examine for thin, delicate, branching intertwining mycelia (Fig. 259). Occa- 
sionally a filament will be seen incased in a colorless or pale pink sheath. 

8. If there is difficulty in finding filaments, a preparation should be stained by the 
acid-fast method since acid-fast A. asteroides also produces sulfur granules. 

9. If the specimen appears to be but slightly contaminated by bacteria, it should 
be inoculated generously into (a) one tube of veal infusion broth or brain-heart in- 
fusion broth and incubated anaerobically at 37° C., (6) 2 blood agar plates, one of 


Fig. 260. Actinomyces bovis. 


Smears from brain-heart agar showing tangled branching hyphae and fragmented diphtheroid 
forms (oil immersion). (From Smith and Martin, Zinsser’s Textbook of Bacteriology. Courtesy of 
Appleton-Century-Crofts, Inc.) 


which should be incubated aerobically and the other anaerobically at 37° C., (c) 
2 plates of Sabouraud’s glucose agar, one of which should be incubated aerobically at 
room temperature and the other anaerobically at 37° C. and (d) one tube of thioglycol- 
late medium incubated aerobically at 37° C. If the specimen is heavjly contaminated 
(a) should be omitted. 

10. A. bovis grows in broth as small, fuzzy, white to gray colonies in the bottom 
of the tube. On agar the colonies are at first tiny, gray and bacterial-like. Upon 
further incubation they become larger, drier and dig into the medium. Prepare a smear 
stained by the Gram method and examine for fine dichotomously-branched filaments. 
Fragmentation of these filaments commonly occurs (Fig. 260), but there are no clubs. 

11. A. bovis grows first, or only, in anaerobic cultures. However, this organism is 
not strictly anaerobic (micro-aerophilic) and may grow to some extent on aerobic 
plates. Growth at 37° C. is better than at room temperature. 
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12. If aerobic growth is as good or better than anaerobic growth, suspect the 
presence of nocardia. Colonies of N. madurae are at first waxy, smooth, wrinkled and 
cream colored but later become somewhat pink colored and dry. Smears will show 
organisms morphologically similar to A. bovis. Growth occurs as well at room tempera- 
ture as at 37° C. but is somewhat less rapid. 

13. A. asteroides also grows well at both temperatures. The colonies on Sabouraud’s 
agar are waxy, irregular, and yellow to orange in color resembling those of Myco. 
tuberculosis. Smears stained by the method of Gram show but few gram-positive fila- 
ments. Smears stained by the acid-fast method, however, will show many filaments 
resembling those of A. bovis but which are acid-fast. 

14. Since actinomycosis closely resembles tuberculosis clinically, all specimens 
suspected of containing actinomyces should be routinely examined for tubercle bacilli. 


Fig. 261. Sporotrichum schenckii. 


Spores in lesion in testis of rat. (From Hopkins.) (From Zinsser and Bayne-Jones, Textbook of 
Bacteriology. Courtesy of D. Appleton-Century Company.) 


15. Animal inoculation tests are not generally satisfactory except for aid in differ- 
entiating A. asteroides from nonpathogenic acid-fast nocardia. When guinea pigs are 
inoculated intra-abdominally, cultures of A. asteroides produce severe infections in one 
to two weeks. 


METHODS FOR THE IDENTIFICATION OF SPOROTRICHUM SCHENCKII 


1. This organism which is probably a frequent saprophyte on many kinds of vege- 
tation is the chief, if not the only, cause of sporotrichosis of man in the United States. 

2. The organism is observed only as a cigar-shaped form in pus. If the lesion is not 
ulcerated, the pus may be withdrawn by aspiration. Some of the pus may be dropped 
in slides for direct examination, but cultures are essential. In other words, the organism 
is seldom seen in fresh preparations. When found, it occurs as elongated oval cells, 
ranging from 3 to 10 microns in length and from 1 to 3 in width. These cigar-shaped 
cells in the tissues may be found within giant cells (Fig. 261). 
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3. Inoculate a blood agar plate and incubate at 37° C. Also culture to Sabouraud’s 
glucose agar and incubate at room temperature. Good growths occur in 3 to 5 days. 
At first the colonies are small and white with a fine fringe but with no aerial mycelia. 
As the size increases the surface of the colony becomes moist, wrinkled, and mem- 
branous. The color varies from cream to brown to black. 

Identification is made by microscopic examination. A Henrici or Brown slide culture 
preparation is recommended. The characteristic delicate, branching, septate hyphae 
with laterally arranged conidia in clusters (clover-leaf) is diagnostic (Fig. 262). 

4. Sporotrichum schenckii is pathogenic for the white rat. Inject a suspension of 
culture intra-abdominally into a male animal. 
Peritonitis and orchitis develop and the cigar- 
shaped, gram-positive tissue form can be demon- 
strated in the tissues and in smears. The results 
should be confirmed by cultures. 


METHODS FOR THE IDENTIFICATION 
OF BLASTOMYCES DERMATITIDIS 


1. This organism is chiefly concerned in the 
etiology of blastomycosis (Gilchrist’s disease). 
It usually begins as a local lesion on the exposed 
parts of the body and occasionally on the tongue. 
Systemic infections may involve any organ or 
tissue of the body, especially the lungs, and 
closely resemble coccidioidal granuloma. 

2. Collect material from cutaneous lesions by 
scraping bits of tissue or by securing pus from 
draining ulcers. Tumor-like masses should be 


aspirated. 
3. Place a loopful of pus or scrapings on a ale 262 SSporoinichuathechanenin 
slide and press gently with a coverglass to pro- Sabouraud’s glucose agar slide cul- 


duce a thin smear. With skin scrapings it may be ture. Delicate hyphae and clusters of 
necessary to add a drop of 10 per cent solution SARTO So NCR Rese, ee 
of potassium hydroxide for clearing. Examine others, Manual of Clinical eae 
microscopically under reduced light. Courtesy of W. B. Saunders Company.) 

4, Direct examination of pus or sputum usu- 
ally show the presence of budding, thick-walled, double-contoured, round or so-called 
figure-of-eight cells (Fig. 263). There is no mycelium. If the suspected organisms do 
not show budding, the coverslide may be rimmed with Vaseline. After 24 to 48 hours 
of incubation at room temperature, budding may be observed. 

5. Inoculate a blood agar plate for incubation at 37° C., and a Sabouraud’s glucose 
agar plate for incubation at room temperature. Growths appear in about one week. 
The colonies on blood agar are small, wrinkled and waxy. Wet preparations show only 
budding yeasts and a few short mycelial fragments suggesting an attempt to develop 
into a mold form. 

Mycelial forms predominate on the Sabouraud medium, although at first budding 
yeast cells are numerous. The white and comparatively smooth colony becomes cottony, 


due to the development of aerial hyphae, which in time becomes tan to brown in color. 
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Microscopic examinations show broad, thick-walled, septate mycelium with single, 
round, and pear-shaped conidia borne laterally. Many chlamydospores appear in old 


Fig. 263. Blastomyces dermatitidis show- 
ing budding forms in pus from a lesion 
in man (from Gilchrist). 

and Bayne-Jones, 

Textbook of Bacteriology. Courtesy of 

D. Appleton-Century Company.) 


(From Zinsser 


cultures at room temperature. 

On blood agar the yeast phase may be main- 
tained at 37° C. and the mycelial stage on the 
Sabouraud medium at room temperature. 

6. Animal inoculation tests may be con- 
ducted as described for Crypt. neoformans. Ex- 
amine the aspirated material for the yeast-like 
budding tissue form. Culture for the charac- 
teristic colonies. 

7. Biochemical tests are not employed. 

8. Sections of tissue obtained by biopsy or 
postmortem should be stained with hematoxylin 
and eosin, polychrome methylene blue, or 
theonin. The budding organism may be found 
in giant cells or in the granulation tissue. The 
capsule usually remains unstained; the proto- 
plasm is usually basic and the granules deep 
blue. 


METHODS FOR THE IDENTIFICATION 
OF COCCIDIOIDES IMMITIS 

1. This fungus is the cause of coccidioido- 
mycosis which is usually due to the inhalation 
of spores with a primary infection of the lungs. 
It may also produce a primary infection of the 
skin in which trauma occasionally provides a 
portal of entry for the fungus. Systemic or 
generalized infection may occur by way of the 
blood in which almost any tissue or organ may 
become involved. Infection from man to man 
rarely has been reported. Laboratory workers 
may become infected by the inhalation of spores 
from old cultures. 

2. The primary infection is generally a mild 
pulmonary involvement not unlike primary 
atypical pneumonia and known in western 
United States as valley or desert fever. A very 
small proportion of infected individuals develop 
the generalized form characterized by granu- 
lomatous masses in the organs and subcutaneous 
tissues known as coccidioidal granuloma. 

3. Depending upon the nature of the in- 
fection, the specimens may consist of sputum, 


Fig. 264. Coccidioides immitis. 


Section of lung showing mature 
spherule and giant cell containing two 
imamature cells, x 736. (From Smith 
and Martin, Zinsser’s Textbook of Bac- 
teriology. Courtesy of Appleton-Cen- 
tury-Crofts, Inc.) 


gastric washings, pleural fluid, pus or pieces of tissue obtained by biopsy. 
4, Examine material in unstained wet mounts. If necessary, clear with 10 per cent 
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solution of potassium hydroxide. C. immitis appears as large (20 to 80 microns), non- 
budding, round, thick-walled sperules (Fig. 264). Under high-dry magnification they 
can be seen to contain many small endospores. Immature sperules containing no endo- 
spores may be present; also ruptured sperule shells from which the spores have been 
liberated. 

5. Inoculate two Sabouraud’s glucose agar plates; incubate one at room tempera- 
ture and the other at 37° C. Inoculate a blood agar plate and incubate at 37° C. 

On Sabouraud’s agar at room temperature, the colonies are at first moist and mem- 
branous, but soon develop a cottony aerial mycelium which is at first all white but 
eventually becomes tan to brown in the center 
(Fig. 265). 

Microscopic examination reveals septate 
branching hyphae which are broken up into 
thick-walled, rod-shaped, ellipsoidal or round 
arthrospores (Fig. 266). These arthrospores are 


Fig. 265. Colony of Coccidioides immitis. Fig. 266. Coccidioides immitis. 

Colony on Sabouraud’s glucose agar Typical arthrospore formation on 
at room temperature for 7 days. (From Sabouraud’s glucose agar, X 736. (From 
Smith and Martin, Zinsser’s Textbook Smith and Martin, Zinsser’s Textbook 
of Bacteriology. Courtesy of Appleton- of Bacteriology. Courtesy of Appleton- 
Century-Crofts, Inc.) Century-Crofts, Inc.) 


highly infectious. No lateral conidia are seen, a fact which serves to distinguish 
coccidioides from blastomyces. 

6. Inject material, or a pure culture suspension, intratesticularly into a guinea pig. 
A severe orchitis develops in 7 to 10 days. Blastomyces fails to produce such an 
infection. 


METHODS FOR THE IDENTIFICATION OF HISTOPLASMA CAPSULATUM 

1. Histoplasmosis may occur as a localized infection of the naso-oral-pharyngeal 
cavities and intestines with ulceration. Systemic infections involve the lungs, other 
organs and the bone marrow with the production of anemia, leukopenia, lympha- 


denopathy, spleno- and hepatomegaly. 
2. H. capsulatum is unique among fungi because it can exist as an intracellular 


parasite of the reticulo-endothelial system, 
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Fig. 267. Histoplasma capsulatum. 
A, parasitized mononuclear cell in a peripheral blood smear. X 1300. B, Histoplasma capsulatum 


in macrophages in liver. X 1300. (From Conant and others, Manual of Clinical Mycology. Courtesy 
of W. B. Saunders Company.) 


3. Collect material from ulcerative lesions and examine as wet mounts and as 
smears stained by the method of Gram. Biopsy material should be smeared and stained 
by the same method or, preferably, by the Giemsa method. Smears of the blood and 
sternal bone marrow should be stained by the method of Wright or Giemsa. 

4. With high magnification examine for small (1 to 5 microns), oval bodies in large 
mononuclear cells. Close inspection shows that the dark yeast forms are enclosed 


THE IDENTIFICATION OF CRYPTOCOCCUS NEOFORMANS 643 


eccentrically in lightly stained capsules. Budding forms may be occasionally seen 
(Fig. 267). 

5. Inoculate blood agar and incubate at 37° C. Inoculate Sabouraud’s glucose 
agar and incubate at room temperature. Growth occurs slowly (one or more 
weeks); do not discard cultures within 3 
weeks. 

6. On blood agar the colonies are moist, 
white and medium sized resembling those of 
staphylococci. Gram-stained smears show the 
presence of small, oval, budding yeast cells 
similar to those observed in tissues. Some 
mycelial fragments are present. 

On Sabouraud’s agar growth is slower and 
appears as the mold or mycelial form. The 
colonies are large, white and cottony turning 
later to a buff or brown color. Wetmount prep- 
arations serve to identify the organism in the 
form of branching, septate hyphae bearing small, 
round or pear-shaped conidia on short lateral 
branches. At this time the culture resembles 
Blastomyces dermatitidis. Upon further in- 
cubation, however, the characteristic round, 
tuberculated chlamydospores develop (Fig. 
268). 


oats : ; Fig. 268. Culture of Histoplas = 
7. Pathogenicity can be established by in- 2 y ae one aes 


oculating mice intra-abdominally with the re- (From Smith and Martin, Zinsser’s 
covery of the fungus in stained smears and cul- Textbook of Bacteriology. Courtesy of 


tures of the viscera. Appleton-Century-Crofts, Inc.) 


METHODS FOR THE IDENTIFICATION OF CRYPTOCOCCUS 
NEOFORMANS 


1. This organism is the cause of cryptococcosis (European blastomycosis). The 
portal of entry is believed to be the upper respiratory tract. It produces torula menin- 
gitis which usually runs a prolonged course and is invariably fatal. Cutaneous and 
pulmonary cryptococcosis may occur primarily, followed by meningitis. 

2. C. neoformans is a yeast; mycelia are not produced. Jn laboratory examinations 
it is first identified as a yeast and then differentiated from the many varieties of non- 
pathogenic yeasts. 

3. Pus may be obtained from the lesions of the skin or by aspiration from the 
subcutaneous tissues. A prominent characteristic of C. neoformans is the production 
of very large capsules which may cause the pus or spinal fluid to be mucilaginous in 
character. If open ulcers are present, collect the gelatinous pus with sterile swabs. Thick 
spinal fluid is highly suggestive of cryptococcosis (torula meningitis). 

4, Spinal fluid should be centrifuged; pus is examined directly. Prepare wet mounts 
in water and examine unstained with reduced light for round, thick-walled cells with 
a large capsule. Prepare a second slide using India ink and examine in the same man- 
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ner. Diagnosis requires the presence of budding forms characterized by single, ovoid or 
spherical buds with thick walls and large capsules (Fig. 269). 

5. Inoculate blood agar and incubate at 37° C. Inoculate Sabouraud’s glucose agar 
and incubate at room temperature. Growth on blood agar occurs in 3 to 5 days with 
the production of mucoid, creamy colonies. Growth occurs more slowly at room tem- 
perature. Only cells from mucoid colonies are highly encapsulated. 

6. C. neoformans is differentiated from the nonpathogenic yeasts, especially sac- 
charomyces, by (a) the absence of a yeasty odor, (b) the absence of fermentation 

glucose negative or only the production of 
acid) and (c) by animal inoculation. 

7. Inoculate white mice intra-abdominally 
with pus or pure cultures. Low grade chronic 
infections are produced. At weekly intervals, 
over a period of 4 weeks, inject about 0.5 ml. of 
sterile saline solution intra-abdominally and 
aspirate the exudate. Prepare wet mounts of the 
latter with India ink and examine for encap- 
sulated budding yeasts. Prepare and examine 
cultures as previously described. 


METHODS FOR THE IDENTIFICATION OF 
ASPERGILLUS, PENICILLIUM AND MUCOR 


1. Many species of aspergillus, penicillium 
and mucor are found in nature, and are among 
the commonest saprophytic molds. Their spores 
are practically ubiquitous, and therefore they 
may contaminate culture media, various uncov- 


Fig. 269. Cryptococcus neoformans. ered specimens or open wounds. 
(From Smith and Martin, Zinsser’s 2. Many species which have been described 
Textbook of Bacteriology. Courtesy of : $ 
as pathogenic are probably accidental secon 
Appleton-Century-Crofts, Inc.) P as P y dary, 
contaminants. 


3. One species of aspergillus, Aspergillus 
fumigatus, is pathogenic, producing pulmonary aspergillosis and otomycosis. 

Aspergillus fumigatus. 1. There are many species of aspergillus which in cultures 
occur as white, fluffy colonies becoming yellowish, green or black. The black variety 
(Aspergillus niger) is a very common laboratory contaminant. The pigment is con- 
centrated in the aerial spore heads. 

2. Sputum from cases of pulmonary aspergillosis may be examined by wet mounts 
which show thick, septate mycelial masses and some round, dark green spores. Wet 
mounts of scrapings from cases of otomycosis should be prepared with a 10 per cent 
solution of potassium hydroxide and gently heated. Branching mycelia are found. 

3. Aspergillus fumigatus grows readily on all culture media. Cultures on Sabou- 
raud’s glucose agar grow more rapidly at 37° C. than at room temperature; the white 
filamentous colonies quickly become green in the centers and eventually dark green 
in color as the spore heads develop. Window-plate preparations, examined under low 
magnification, show spore heads consisting of long chains of spores radiating in all 
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directions from large vesicles at the ends of aerial hyphae (Fig. 240). Lactophenol 
cotton blue wet mounts reveal the details of morphology, but such preparations must 
be made with a minimum of manipulation in order to preserve the structures intact. 

4. Since aspergilli grow rapidly they may overgrow other more slowly growing 
pathogenic fungi. 

Penicillium. When this organism is fully developed it produces a dirty greenish, 
velvety growth. If a portion is examined under the microscope, a septate mycelium 
will be found with aerial hyphae which branch and rebranch, forming conidiophores 
with long chains of spores in a brush-like arrangement (Fig. 240). 

Mucors. These are a group of nonpathogenic molds which are likewise commonly 
met with as contaminants of culture media. They are much larger than the aspergilli 
and penicillia. On culture media their hyphae resemble cotton fibers, and the colonies 
look somewhat like tufts of cotton. Aerial hyphae terminate in black sporangia which 
are visible to the naked eye and contain a large number of small refractile spores. If 
the mold is examined under a coverglass, the trauma will fracture the spore case, and 
it will be seen as a collapsed capsule with the spores outside (Fig. 240). 
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DIAGNOSTIC VIROLOGIC METHODS 


Morton Kien 


Few laboratories conducting routine bacteriologic and serologic examinations are 
in a position to attempt the diagnosis of all viral infections for which methods are 
available. Many viral diagnostic procedures are expensive, time-consuming and involve 
considerable risk of infection. However, diagnostic methods are now available for many 
of the more important viral infections which are relatively simple, safe and within the 
scope of a well organized routine diagnostic laboratory. In the present chapter emphasis 
is placed upon these latter procedures, and no attempt will be made to consider in 
detail all the available procedures for the diagnosis of viral infections (see Table 38). 
The interested reader is referred to the following books for further details: Diagnostic 
Procedures for Virus and Rickettsial Diseases, New York, American Public Health 
Association, 1948; Diagnosis of Viral and Rickettsial Infections, edited by F. L. Hors- 
fall, New York, Columbia University Press, 1949; Viral and Rickettsial Infections of 
Man, edited by T. M. Rivers, Philadelphia, J. B. Lippincott Co., 1948; and Virus 
Diseases of Man, by C. E. Van Rooyen and A. J. Rhodes, New York, Thomas Nelson 
and Sons, 1948. 


PRINCIPLES 


1. Viruses are intracellular parasites and require the presence of living cells for 
multiplication. Therefore, all media used for the growth of bacteria are useless for the 
propagation of viruses. The “medium” for the growth of viruses is living cells, as 
supplied by tissue cultures, chick embryos, mice, guinea pigs, hamsters, rabbits and 
monkeys. In addition, by reason of their small size and the presence of other tissue 
components, most virus particles cannot be identified with the light microscope. 

2. As a result of a virus infection, there frequently arise in the nucleus or cyto- 
plasm of the host cells inclusion bodies which may be either colonies of the virus or 
cellular changes effected by the virus in the host cell. These inclusion bodies are large 
enough to be seen with the light microscope and in a few viral infections are useful 
aids in diagnosis. These two characteristics of viruses, namely, their requirement of 
living cells and their small size, have made it necessary to use methods for their isola- 
tion and study that are essentially different from those conducted in routine diagnostic 
bacteriologic examinations. 

3. However, viruses are similar to many bacteria in one important respect in that 
they are good antigens, and in nearly all viral infections specific antibodies are pro- 
duced in detectable amounts. There are several methods available for the detection of 
viral antibodies, but from the point of view of the diagnostic laboratory the most 
important and useful procedure is the complement fixation test. 
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TABLE 38. DIAGNOSTIC METHODS IN VIRAL DISEASES. 
Laboratory Examinations 
Diseases Material ‘ 
iseas aterials Lote en ee 
8 Inoculation * 
Atypical Blood Agglutination of 0 
pneumonia redcellsand MG 
streptococcus 
Chickenpox Vesicle 0 0 
Colorado tick Blood Complement Hamster (I.P.) 
fever fixation 
Epidemic kerato- | Conjunctival Neutralization Mouse (I.C.) 
conjunctivitis scrapings Tissue culture 
Equine ence- Blood Complement Chick embryo 
phalomyelitis Brain and cord at] fixation Mouse (1.C.) 
autopsy 
Herpes simplex Spinal fluid Neutralization Chick embryo 
Vesicle fluid Rabbit cornea 
Herpes zoster Vesicle 0 0 
Inclusion Conjunctival 0 0) 
blennorrhea scrapings 
Influenza Blood Complement Chick embryo 
Nasopharyngeal fixation; Hirst 
washings agglutination- 
inhibition 
| Japanese B Blood Complement Mouse (I.C.) 
encephalitis Spinal fluid fixation 
Lymphocytic Blood Complement Mouse (I.C.) 
choriomenin- Spinal fluid fixation 
gitis 
Lymphogran. Blood Complement Mouse (I.C.) 
venereum Spinal fluid fixation Chick embryo 
Biopsy tissue 
Molluscum Tissue 0 0 
contagiosum 
Mumps Blood Complement Chick embryo 
Spinal fluid fixation; red 
Saliva cell agglut.- 
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TABLE 38. DIAGNOSTIC METHODS IN VIRAL DISEASES—(Continued) 


Laboratory Examinations 


Diseases Materials Aniraal Tachicton 
Serologic Inoculation * Bodies 


Poliomyelitis Blood Neutralization Monkey (1.C.) 
Feces 
Nasopharyngeal 
washings 


Psittacosis Blood Complement Chick embryo 
Pleural fluid fixation Mouse (1.P.) 
Sputum 


Saliva Complement Mouse (I.C.) 
Brain at autopsy] fixation 


Smallpox Vesicle Neutralization Chick embryo 
Rabbit cornea 


St. Louis enceph. | Blood Complement Mouse (I.C.) 
Brain and cord at | fixation 
autopsy 


Trachoma Conjunctival 
scrapings 


Yellow fever Blood Neutralization Monkey (1.P.) 
Mouse (1.C.) 


* 1.C, = intracerebral inoculation; I.P. = intraperitoneal inoculation. 


4. Methods for the diagnosis of viral infections may be considered as falling into 
three categories: (a) serologic tests, the most important being the complement fixation 
test; (0) isolation of the virus in living cells and (c) identification of viral or inclusion 
bodies. This classification is arbitrary since more than one method may frequently be 
indicated in the diagnosis of a viral infection. 

5. Although many laboratories may not be in a position to attempt the isolation 
of viruses, they may conveniently and successfully conduct serologic tests and exami- 
nations for inclusion bodies. 


SEROLOGIC METHODS 


The two most important serologic tests for the diagnosis of viral infections are the 
serum neutralization and complement fixation tests. Certain viruses, such as those of 
influenza and mumps, will agglutinate chicken and human group O red cells. The fact 
that homologous antibody inhibits this agglutination can be used in the serologic 
diagnosis of mumps and influenza (Chapter 32). However, the complement fixation 
test (Chapter 33) is adequate and the preferred method for the serologic diagnosis of 
influenza and mumps. In certain viral and rickettsial infections it is also possible to 
conduct agglutination and precipitin tests as well as tests for the neutralization of viral 
toxins. Precipitin tests, however, are not commonly employed for diagnostic purposes. 
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But the sera of patients with primary atypical pneumonia will frequently agglutinate 
human group O red cells in the cold as well as MG streptococcus (Chapter 31). 

The Neutralization Test. 1. Specific antibody for a virus neutralizes its infectivity 
and, when such treated virus is injected into a susceptible host, infection does not 
follow. The amount of antibody present in serum can be determined by this procedure 
since the higher the antibody titer the more virus will be neutralized. 

2. The neutralization test can be used to identify an unknown serum or an unknown 
virus. If one has a known virus and mixes it with an unknown serum, neutralization 
of infectivity identifies the antibodies in the unknown serum as specific for that virus. 
If one has a known serum and an unknown virus, neutralization identifies the unknown 
virus. Exceptions to these generalizations occur when two viruses have similar antigenic 
components, 

3. The neutralization test is a useful procedure for the titration of viral antibodies 
and in certain viral infections is the only procedure available. However, the test re- 
quires living virus the activity of which must be determined each time a titration for 
antibody is conducted, and susceptible host cells are needed, such as chick embryos, 
mice or monkeys. Finally, in the absence of adequate precautionary measures there is 
a certain risk of infection. The neutralization test, therefore, is not generally employed 
by laboratories occasionally requested to make diagnostic examinations in viral diseases. 

Complement Fixation Tests. 1. Many viral antigens suitable for complement 
fixation tests are now available commercially (Chapter 33) which puts the serologic 
diagnosis of many viral infections within the scope of any good diagnostic laboratory. 

2. The procedure for carrying out the complement fixation test with viral antigens 
is essentially similar to that used in the serodiagnosis of syphilis, although the inter- 
pretation of the results is perhaps more difficult. A positive serologic reaction for 
syphilis is rarely observed in normal individuals. However, antibodies against many 
viral antigens may be present in normal individuals as a result of vaccination or past 
infections (clinical or subclinical). Therefore, considerable caution must be observed 
in the interpretation of the results. Difficulties inherent in the interpretation of single 
examinations, however, may be solved by requesting two specimens of blood, one of 
which is collected as early in the disease as possible (the acute phase serum) and the 
second collected 7 to 21 days later (the late or convalescent serum). Conduct the com- 
plement fixation tests with both sera at the same time. A four-fold rise in titer or greater 
is indicative of the specific viral infection. In viral diseases of the central nervous 
system, a four-fold rise or greater may not occur until 4 to 8 weeks after onset, hence 
a third specimen may be required. A high titer with a single specimen is suggestive but 
does not carry the same weight as a four-fold rise in titer obtained with paired sera. 
The necessity of waiting for a second specimen late in the disease seriously limits the 
promptness of reporting results, although the ultimate laboratory diagnosis of an un- 
identified viral infection greatly aids the physician in promptly recognizing similar 
infections when they arise. 

3. Although it is possible to prepare and standardize antigens for conducting com- 
plement fixation tests, such procedures require extensive facilities, are frequently 
tedious and involve considerable risks of infection. As stated in Chapter 33, many 
antigens are commercially available. Since all of these are inactivated, their use in- 
volves no risk and they are stable when stored at 4° C. for periods ranging from 6 


months to 2 years. 
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METHODS FOR THE ISOLATION OF VIRUSES 


When the diagnosis of a viral infection cannot be successfully carried out by means 
of complement fixation tests, the isolation of the virus itself may be considered. With 
few exceptions, however, the diagnosis of a viral infection by the isolation of the virus 
is a more uncertain and difficult procedure than diagnosis by a complement fixation 
test and attempted isolations should be carried out only in laboratories with trained 
personnel and adequate facilities. Furthermore, the isolation of a virus is usually not 
sufficient for final identification. Such identification requires the neutralization of the 
virus by a specific antiserum. It is essential, therefore, that laboratories contemplating 
the isolation of viruses should maintain a stock of known antisera. Such sera may be ob- 
tained from patients who have recently recovered from a known viral infection, or by 
the immunization of animals with the known virus. Normal sera will frequently give 
nonspecific neutralization reactions requiring adequate controls. 

With the important exception of poliomyelitis, essentially all human viruses that 
have been isolated can be cultivated in the chick embryo or white mouse. The guinea 
pig is useful for the isolation of rickettsiae although the chick embryo is also used. The 
rabbit cornea can be used for the isolation of the viruses of vaccinia and herpes simplex 
though the chick embryo is a more useful host for these two viruses. 

When attempting the isolation and identification of a virus the following should be 
noted: 1. Specimens obtained early in the disease offer the best opportunity for success- 
ful isolation. 

2. When removed from their host cells, viruses are labile and die rapidly. However, 
they are quite stable when frozen and specimens may be kept at —40° C. or lower for 
months without any significant loss in activity. Storage in the ordinary commercial 
Deepfreeze unit maintaining a temperature of —20° C. is adequate for brief storage 
periods. All specimens obtained for virus isolation, if not studied immediately, should 
be frozen. Specimens that are to be transported should be placed in a container packed 
with dry ice. 

3. Specimens contaminated with bacteria should be treated with penicillin and 
streptomycin to give a final concentration of approximately 500 units per ml. of each 
agent, and such treated specimens should be left at room temperature for 30 minutes 
prior to inoculation into a susceptible host. 

4, Tissue fragments for virus isolation should be ground in a sterile mortar to 
which has been added a suitable abrasive such as alundum and sufficient broth at pH 
7.2 or 10 per cent normal horse or rabbit serum in saline to give a 10 per cent suspen- 
sion of tissue. The emulsion is then centrifuged lightly (1500 r.p.m. for 10 minutes) 
and the supernate used as the viral inoculum. For the grinding of tissues one may also 
use the Ten Broeck grinder (Scientific Glass Company, Bloomfield, N. J.). 

Chick Embryo Method. The handling of chick embryos in the laboratory requires 
the following: (a) a source of fertile eggs, usually obtained conveniently from a com- 
mercial hatchery; (4) an incubator, preferably a commercial poultry incubator, though 
the ordinary laboratory incubator set at 37.5° C., with a pan of water to maintain 
adequate moisture, will usually suffice. it should be noted, however, that optimum 
temperatures for viral and rickettsial growths vary from 35° C. to 39° ©.; (c) an egg 
candler which can be purchased or readily improvised by using a closed rectangular box 
with an electric bulb at the bottom and an ova! opening at the top for placing eggs; 
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(d) a small electric hand drill, such as the Dremel Motor-Tool Model No. 1, for cutting 
through the egg shell; (¢) egg trays, either plastic or fibreboard, for holding eggs; 
(f) any device for holding a single egg during operative procedures. A low, wide- 
mouthed bottle can be adapted for this purpose. 

The age of the embryo to be used depends primarily upon the route of inoculation 
as follows: (a) for inoculation on to the chorio-allantoic membrane, 10 to 12 day 
embryos are most suitable; (&) for inoculation into the allantoic cavity, embryos 10 
to 12 days old are used; (c) for inoculation into the yolk sac, embryos 5 to 8 days old 
are best; and (d) for amniotic inoculation, embryos 7 to 15 days old are selected. 
Prior to inoculation by any route the eggs must be candled to determine their viability. 
In general, living embryos show a well defined blood vessel pattern; active motility of 
the embryo may frequently be seen. Dead embryos show a loss of the vascular pattern 
and no active motility; instead, there is a passive motility when the egg is sharply 
turned. 

PREPARATION OF THE FALSE AIR SAC AND INOCULATION OF THE CHORIO-ALLANTOIC 
MemMsrANE. The chick embryo is quite susceptible to bacterial contamination; hence, 
prior to inoculation all material should be treated with penicillin and streptomycin as 
previously described. In preparing the egg for inoculation a simple modification of the 
window and triangular flap technic is satisfactory (Fig. 270) as follows: 

1. Candle 10 to 12-day old embryos for viability and outline the air sac with a 
pencil. 

2. Wipe the egg with 70 per cent alcohol and allow to dry. 


Vessels on chorioallantoic membrane 


yas 
~ 
Lateral slit in eggshell 
over embryo 


- 
Terminal slit in eggshell 
over air sac 


A . . 
7 Pencil line on shell along margin of air sac 
a on side of embryo 


- 
Air sac 
Fig. 270. Method for preparing the chick embryo for inoculation onto the chorio-allantoic membrane. 


(From Diagnostic Procedures for Virus and Rickettsial Diseases. Courtesy of the American Public 
Health Association.) 


3. With an electric drill cut a 4 inch groove through the shell and its membrane 
over the center of the air sac. Turn the egg horizontally and cut a second groove over 
the center of the egg through the shell and up to, but not through, the shell membrane. 
Sponge the lateral slit with 70 per cent alcohol and allow to dry. 

4. Put the egg on a horizontal surface and place a drop of saline solution on the 
slit over the embryo. With a needle, bevel up, carefully cut through the shell membrane 
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in order to allow the drop of saline to seep between the membrane and the underlying 
chorio-allantoic membrane. Avoid cutting through the chorio-allantoic membrane. 

5. Put the egg in a horizontal position over the candler and apply suction at the air 
sac end of the egg. This can be done with a rubber bulb or a piece of rubber tubing 
one end of which is placed over the slit opening and the other end placed in the mouth. 
The chorio-allantoic membrane should drop, with the disappearance of the blood 
vessels adjacent to the shell membrane, and the embryo should move into the air sac 
with the formation of a false air sac under the lateral slit. The embryo is now ready 
for inoculation onto the chorio-allantoic membrane. 

6. With a needle and syringe pierce the lateral slit allowing the needle to go just 
under the shell membrane and inoculate the material onto the chorio-allantoic mem- 
brane. Volumes up to 1.5 ml. can be introduced. 

7. Cover the slits with melted paraffin or scotch tape and incubate at 37° C. for 
the required period of time, usually 48 to 72 hours. 

8. After incubation the eggs are candled to determine viability. Dead embryos are 
discarded. Check to see if the false air sac is still in place. If it is not, remove the 
paraffin or scotch tape and suck out the air to reform the false air sac. 

HARVESTING THE CHORIO-ALLANTOIC MEMBRANE. 1. Hold the egg horizontally 
and starting from the lateral slit, with a forceps or scissors, remove the shell over the 
false air sac. 

2. Grasp the chorio-allantoic membrane with a pair of forceps near the edge of the 
shell. Cut out an oval area of chorio-allantoic membrane and place it in a petri dish 
containing saline. 

3. Place the petri dish on a black surface, flatten out the membrane and observe 
for viral growth. 

4. If the viral inoculum was heavy, there may be edema and thickening of the 
membrane with large areas of heavy opacity representing confluent viral growth. If a 
dilute inoculum was used, discrete, pocklike lesions will be present varying in size from 
barely visible 1 mm. plaques to larger plaques several mm. in diameter (Fig. 271). It 
is important to note that nonspecific lesions may develop, as a result of the inoculation 
procedure, which resemble pocklike lesions. The following suggestion may be helpful 
in differentiation. When first preparing virus material for inoculation onto the chorio- 
allantoic membrane, divide the inoculum in half and heat one portion at 60° C. for 
30 minutes to inactivate the virus. Inject this inactivated material onto the chorio- 
allantoic membrane and, after the usual incubation period, observe the nature of the 
lesions and compare them with those obtained with the active virus. 

Certain viruses when first inoculated onto new host cells grow so poorly that little 
or no growth is detectable. One can carry out “blind passage” of host tissue, in this 
instance the chorio-allantoic membrane, by harvesting the chorio-allantoic membrane, 
whether virus appears to be present or not, and preparing a 10 per cent tissue suspen- 
sion as just described. This material is then inoculated onto other eggs. If virus initially 
grew on the membrane but was not detectable, two or three passages should result 
in adaptation of the virus to its new host with good growth of virus on the chorio- 
allantoic membrane. If no growth is observed after the third passage, one may conclude 
that the virus was not initially present on the membrane. 

Finally, identification of an unknown virus isolated from a host requires the neu- 
tralization of its activity by known sera. Proof that the virus was the causative agent 
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of the patient’s infection can be obtained by demonstrating a rise in neutralizing 
activity with paired samples of the patient’s serum. 
INOCULATION INTO THE ALLANTOIC Cavity AND HARVESTING OF THE ALLANTOIC 
Fur. 1. Using 10 to 12-day old embryos, candle and outline the air sac with a pencil. 
2. Drill a hole just above the line of the air sac through the shell membrane into 
the air sac. 


Fig. 271. Chorio-allantoic membrane of chick embryo forty-eight hours after injection of herpes 
simplex virus, x 3. 


(From Coriell and others, in the Journal of Laboratory and Clinical Medicine. Courtesy of 
C. V. Mosby Company.) 


3. With a syringe and a 34 inch 24-gauge needle inject the material through the 
opening directly into the allantoic cavity. As can be seen in Fig. 272, the allantoic 
cavity surrounds the 10-day old embryo and there is little difficulty injecting directly 
into the allantoic cavity. 

4. Incubate the eggs at 37° C., usually for 40 to 48 hours, candle and discard all 
the dead embryos. 

5. Put the eggs in the refrigerator for several hours to kill the embryos and prevent 
bleeding when harvesting the allantoic fluid. This is important since chick red cells will 
adsorb the viruses of mumps and influenza. 

6. To harvest the allantoic fluid place the egg in a holder with the air sac end up. 
Swab the shell with 70 per cent alcohol and cut away the shell over the air sac. 
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7. With a sterile pointed forceps tear a hole through the shell membrane and the 
underlying chorio-allantoic membrane, exposing the allantoic fluid in the allantoic 
cavity. Attach a piece of rubber tubing to a 10 ml. pipet, place the tip of the pipet 
in the allantoic fluid and, with the other end of the tubing in the mouth, suck up the 
allantoic fluid; from 3 to 10 ml. of fluid can be obtained. 


Ghorioallantois 


Membrane 


Allantoic cavity 


Albumen 
' Sac 


Extra-embryonic body cavity Amniotic cavity 


Fig. 272. Schematic drawing of embryonated hen's egg approximately ten days old. 


(From Smith and Martin, Zinsser’s Textbook of Bacteriology. Courtesy of Appleton-Century- 
Crofts, Inc.) 


lhe allantoic fluid is usually clear, though a heavy precipitate of amorphous urates 
may be present. One cannot tell if active virus is present by the gross appearance of 
the allantoic fluid, and the presence of virus must be determined by appropriate tests. 
Influenza and mumps viruses can be detected by their ability to agglutinate red cells 
(see Chapter 32). The viruses of the psittacosis-lymphogranuloma-venereum group 
can be stained by Macchiavello’s stain. The presence of other viruses can be determined 
by inoculation of material into a host, such as a mouse, which shows a characteristic 
response to the presence of the virus, 
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INOCULATION INTO, AND HARVESTING OF, THE YOLK Sac. 1. Use 5 to 8-day old em- 
bryos; candle and mark the area of the embryo. 

2. Drill a hole over the center of the air sac and with a 21-gauge 1% inch needle 
inject the material into the egg but away from the embryo. 

3. Incubate the eggs at 37° C. If rickettsiae are inoculated, incubation at 35° C. 
is indicated. 

4. Candle the eggs twice a day starting the second day after inoculation and when 
the eggs are enfeebled, as indicated by sluggish movements, harvest the yolk sac. 

5. Cut away the shell over the air sac end of the egg and with sterile forceps 
remove the shell and the chorio-allantoic membrane. Empty the contents of the egg 
into a petri plate and, working with 2 pairs of curved forceps, remove the yolk sac. 

6. In order to determine the presence of rickettsiae or members of the lympho- 
granuloma venereum-psittacosis group of viruses, take a piece of yolk sac, wipe off the 
yolk fluid on the glass surface of a petri plate and macerate the tissue on a slide. Stain 
with Macchiuvello’s stain as follows: Reagents: (a) 0.25 per cent solution of basic 
fuchsin in M/5 phosphate buffer, pH 7.4. Grind fuchsin in mortar and add buffer 
gradually. () 0.5 per cent citric acid solution. (c) 1.0 per cent aqueous methylene 
blue. Dry smears in air. Flood with solution (a) by filtering through filter paper 
directly onto the slide. Stain for 4 minutes. Wash with water and decolorize for 
a few seconds with citric acid. Wash rapidly in water and stain for 10 seconds with 
methylene blue. Wash in water and dry. Virus particles should appear as minute red 
cocci. 

AMNIOTIC INOCULATION AND HARVESTING OF AMNIOTIC FLurD. Several procedures 
have been described for inoculating viruses into the amniotic sac. The method as de- 
scribed by Enders and Levens is as follows: 1. Candle the eggs and locate the position 
of the embryonic eye. For the isolation of mumps virus use 6 to 8-day old embryos 
and incubate for 6 to 7 days. For the isolation of influenza virus, use 13-day old 
embryos and incubate for 3 to 4 days. 

2. Drill a slit about % inch long, 34 inch above the eye, over the air space. 

3. Wipe the slit with 70 per cent alcohol and place the egg over the candler in a 
horizontal position. 

4. With a sharp 1% inch 25-gauge needle inoculate through the slit with a swift 
thrust toward the embryo. The volume of the inoculum should be approximately 0.1 ml. 
A lively movement of the embryo indicates that the amniotic sac has been penetrated. 
After removing the needle seal the opening with paraffin or fingernail polish. Incubate 
eggs at 37° C. for the required period of time. 

5. To harvest the amniotic fluid place the eggs in a horizontal position, embryo 
uppermost, and cut away the shell over the embryo. Tear off the allantoic membrane 
and remove the allantoic fluid. Grasp the exposed amniotic membrane with a pair of 
forceps and remove the fluid with a capillary pipet. The volume of fluid is 1 to 5 ml. 
If no fluid is present, wash out the sac with 1 ml. of broth. The presence of the viruses 
of influenza and mumps can be detected by the Hirst hemagglutination test (Chap- 
ter 32). 

Mouse Method. When mice are needed in viral diagnostic work, the white Swiss 
albino mice are, in general, adequate for all isolation purposes. Young mice, 3 to 5 
weeks old, are more susceptible to viruses than older mice and should be used routinely. 
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In the case of certain viruses only new born mice are susceptible; e.g. mice 12 days old 
have already become resistant to infection with the Coxsackie viruses. 

It is important to note that mice may be carriers of viruses and this carrier state 
may be a source of difficulty in isolation work. The virus of lymphocytic choriomenin- 
gitis is latent in certain stocks of mice, as is Theiler’s virus which causes an encephalo- 
myelitis in mice. This latter virus is of interest since it is similar in many ways to the 
virus of poliomyelitis. In addition, other neurotropic viruses have been found in mice, 
often following the inoculation of human material, and in certain instances there is 
uncertainty as to whether the virus was in the human material or was latent in the 
mice. 

There are also several latent mouse viruses that give rise to pneumonitis in these 
animals. Therefore, lung lesions observed in mice following the intranasal instillation 
of human material, must be interpreted with caution. All viral isolations in mice must 
be confirmed by neutralization with known antiserum or by neutralization studies 
carried out with acute and convalescent phase sera of the patient. 

INTRACEREBRAL INOCULATION. For the isolation of neurotropic viruses, the intra- 
cerebral inoculation of young mice is the route of choice, though extraneural inocula- 
tion, such as the intraperitoneal route, is frequently effective when young mice, 3 to 
10 days old, are used. 

1. Anesthetize mice by placing them in a jar containing cotton and a small amount 
of ether. 

2. Hold the head of the mouse on the work table and, with a % inch 26-gauge 
needle and a 0.25 ml. syringe, inject 0.03 ml. of material at a spot midway between 
the ear and the eye. If mice 3 to 4 weeks old are used, there is no difficulty penetrating 
the skull and death from the inoculation does not usually occur. 

3. Mice are observed for symptoms, such as tremors, convulsions, paralysis or any 
other unusual behavior. A useful test is to pick up mice that appear normal and spin 
them rapidly by their tail, first one way and then the other several times, and observe 
for any unusual behavior. 

4. The incubation period will vary with the type of virus inoculated, though mice 
showing no symptoms after 25 days can usually be discarded. 

5. The brain and spinal cord can be harvested from sick mice for further passage 
or study. In absence of symptoms, blind passage may be done. 

6. All isolated viruses should be identified by serum neutralization tests using 
known antiserum or acute and convalescent phase serum from the patient. 

INTRANASAL INsTILLATION. 1. Anesthetize mice lightly to the point where they are 
breathing regularly. If mice are gasping they will not readily inhale the material. 

2. Place the back of the mouse on the work table and with one hand holding the 
head instill three drops intranasally. 

3. Observe mice for 2 weeks, autopsying all dead mice and examining the lungs. 
All mice surviving for 2 weeks should be autopsied and the lungs examined for macro- 
scopic lesions and for evidence of pneumonic consolidation. 

4, The isolation of a virus following intranasal instillation of the suspected material 
must always be checked by neutralization studies with known antiserum or patient’s 
serum, 

5. For further passage remove the lungs and prepare a stock 10 per cent suspension 
as described earlier. 
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Rabbit Method. The rabbit cornea can be used for the isolation of the viruses of 
vaccinia and herpes simplex, though isolation of these viruses on the chorio-allantoic 
membrane of the chick embryo is simpler and equally satisfactory. 

1. Anesthetize the rabbit using ether or nembutal. A 2 per cent solution of procaine 
instilled in the conjunctival sac may also be used. 

2. Protrude the eyeball with a pair of forceps and scarify the cornea with a von 
Graefe knife or other suitable instrument, being careful that the incisions go through 
the epithelial layer. Repeat the procedure on the other eye. 

3. Rub the test material thoroughly into both eyes. 

4. If the test is negative, there will be no evidence of trauma 24 to 48 hours after 
inoculation. If positive, a keratoconjunctivitis will develop in 12 hours to 7 days. 

5S. For final identification, the cornea should be removed, stained with hematoxylin 
and eosin or eosin-methylene blue and examined for characteristic inclusion bodies. 


IDENTIFICATION OF INCLUSION BODIES 


The diagnosis of viral diseases on the basis of the characteristic pathology of the 
lesions is not a widely used procedure at the present time since more satisfactory 
methods have been developed. However, in those virus infections for which the etio- 
logic agent has not yet been isolated, neither serologic nor isolation methods are pos- 
sible. The only diagnostic procedures available under these circumstances are those 
based on examinations for inclusion bodies. Trachoma, inclusion blennorrhea, mollus- 
cum contagiosum, herpes zoster and chicken pox are representatives of infections in 
which viruses have not yet been isolated by animal inoculation tests. In rabies, recog- 
nition of the Negri bodies is an important diagnostic procedure though laboratory 
identification of the disease can be carried out by isolation of the virus following 
intracerebral inoculation of infected saliva or tissue into mice. 

Identification of virus diseases by the recognition of individual viral particles from 
lesions is rarely possible by means of ordinary light microscopy since most viruses are 
smaller than 0.2 micron, which is the limit of resolution of the light microscope. All the 
rickettsiae and some viruses, such as the members of the psittacosis-lymphogranuloma 
venereum group and those of vaccinia and variola, are large enough to be resolved by 
the light microscope. Recognition of individual viral particles is not an easy matter 
since there are always tissue components present. However, viruses growing in cells 
frequently give rise to characteristic inclusion bodies. These may be found in the 
nucleus, cytoplasm or both and may be either colonies of viruses or pathologic changes 
produced by them. The inclusion bodies when stained are readily visible with the light 
microscope and are the structures most useful in the morphologic diagnosis of some 
viral diseases. 

The laboratory diagnosis of viral infections on the basis of examinations for inclu- 
sion bodies is probably most useful in trachoma, inclusion blennorrhea and rabies, in 
the first two of which there are no suitable experimental hosts for diagnostic inoculation 


tests. 


METHODS FOR THE DIAGNOSIS OF TRACHOMA 


Procedures for the identification of the characteristic structures in trachoma and 
inclusion blennorrhea are described by Thygeson in Diagnostic Procedures For Virus 
and Rickettsial Diseases, published by the American Public Health Association. For 
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the identification of the virus of trachoma, epithelial scrapings, taken during the most 
active phase of the disease from the upper tarsus and the upper fornix, constitute the 
best source of material. The scrapings are placed on a slide, fixed with absolute methyl 
alcohol (acetone-free) for 5 minutes and then stained by the Giemsa method as follows: 

(a) The stain should be neutral and 
is preferably prepared using pH 7.2 phos- 
phate buffer. (0) Place the slides in a 
Coplin jar in a dilute Giemsa’s solution 
(1 drop to 2 ml. of neutral distilled 
water). (c) Place the jar in an incu- 
bator at 37° C. for at least 1 hour. (d) 
Remove stain debris by rinsing the slide 
rapidly in two changes of 95 per cent 
alcohol. (e) Dry and examine. 

The virus can be seen extracellularly 
during the acute phase as a coccus, 0.2 
micron in diameter, occurring either 
Fig. 273. Epithelial cell with elementary body in- singly, in clusters or in clumps. The 

Aree een mas virus also appears in the form of initial 
Ue ieee eS aes, Bite Satin bodies which are early developmental 
Rickettsial Diseases. Courtesy of the American 
Public Health Association.) forms of the virus, approximately 1 
micron in diameter and staining as blu- 
ish, bipolar bodies. In the chronic stage of the disease the viral and initial bodies are 
found as intracellular masses and these cytoplasmic inclusion bodies are of great 
diagnostic value (Fig. 273). The inclusion mass is imbedded in a carbohydrate matrix 
which can be stained with Lugol’s solu- 
tion (Fig. 274) and this offers a method 
for differentiating a true inclusion body 
from other cellular structures that might 
be confused with it. One should also 
examine such smears for the presence of 


bacteria which are frequent secondary 
invaders. The presence of a large number 
of eosinophils suggests an allergic con- 
junctivitis. 


METHODS FOR THE DIAGNOSIS 

OF INCLUSION BLENNORRHEA 
Though predominantly an ocular in- 
fection, the main habitat of the virus is 
the genito-urinary tract where it causes 


Fig. 274. Same cell showing carbohydrate matrix. 


(From Diagnostic Procedures for Virus and 
' 4, Rickettsial Diseases. Courtesy of the American 
in the male a benign urethritis, and in Public Health Association.) 


the female a mild cervicitis which is 


essentially asymptomatic. Eye infections result from transmission of the virus from 
the genito-urinary tract to the eye. Epithelial scrapings from the cervical area and 
urethral exudates of the male constitute the source of virus from the genito-urinary 
tract. In inclusion conjunctivitis, maximum multiplication occurs in the conjunctivae 
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of the lower lid and scrapings should be taken from this area. The morphology of the 
viral particles and inclusion bodies is similar to that found in trachoma. 


METHODS FOR THE DIAGNOSIS OF RABIES 


Diagnostic procedures for rabies are most commonly indicated in the case of dogs 
which have bitten human beings. The definitive diagnosis of rabies is the finding of 
intracytoplasmic inclusion bodies, known as Negri bodies, in the nerve cells of sus- 
pected animals. Diagnosis can also be carried out by intracerebral inoculation of saliva 
and infected tissue into mice. However, this procedure is too time consuming when the 
question of instituting vaccination is under consideration. The laboratory procedure 
for the detection of Negri bodies is as follows: 

1. Negri bodies may be found in any portion of the brain containing nerve cells 
but are, as a rule, most numerous and characteristic in Ammon’s horn or hippocampus. 

2. Wearing heavy rubber gloves, remove the brain from the animal. Details of this 
procedure are described by Johnson and Sellers in Diagnostic Procedures for Virus and 
Rickettsial Diseases, referred to at the beginning of this chapter. 

3. Prepare simple contact smears of Ammon’s horn by pressing a scrupulously 
clean slide several times against the cut surface with sufficient pressure to cause the 
tissue to spread out over the slide, leaving thin, even films upon the surface. 

4. While the smear is still moist, immerse the slide in a Coplin jar containing 
Seller’s stain (page 432) for about 5 seconds. Smears fixed for 5 minutes in absolute 
methyl alcohol and dried may be employed but are less satisfactory. 

5. Wash with tap water and dry in the air. 

6. Macroscopically, a properly stained smear, when held up to the light, should 
appear reddish-violet in the thinner portions and shading into purplish-blue in the 
thicker portions. If the thinner portions are bluish, add 0.5 ml. of the stock saturated 
solution of basic fuchsin in absolute methyl alcohol to the stain in the Coplin jar. 

7. Examine the ganglion cells for Negri bodies (Plate XIX). These are oval or 
round, variable in size and bright cherry red in color. The basophilic inner structure 
is deep blue. The cytoplasm of nerve cells is blue to purplish-blue, stroma are rose-pink 
and neural sheaths are unstained. 

8. In the brains of dogs inclusion bodies due to distemper may be mistaken for 
Negri bodies, but are pale pink, refractile and without inner structure. 

9. If direct smears are negative for Negri bodies, prepare and examine sections of 
brain tissue. 


METHODS FOR THE PREPARATION OF BACTERIOPHAGES 


Principles. 1. Bacteriophages are specific viruses for living bacteria. There are 
many bacteriophages, each highly specific for a certain species or for a type within a 
single species. 

2. Multiplication of a bacteriophage within a susceptible bacterium results in the 
rupture and lysis of the latter with liberation of bacteriophage particles into the sur- 
rounding environment. 

3. Bacteriophages were formerly employed in the treatment of infections due to 
staphylococci, shigella, proteus and coliform bacilli. This therapy, however, has now 
been replaced by sulfonamide and antibiotic therapy. 

4, At the present time the chief importance of bacteriophages is in relation to 
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studies bearing upon the nature, metabolism, genetic constitution and immunologic 
patterns of the viruses in general. Because the preparation of bacteriophages involves 
the use of bacteria-free filtrates, and because bacteriophages are occasionally needed in 
laboratory work, methods for their isolation and preparation are herewith described. 

Role of Bacteriophages in Bacteriologic Diagnosis. 1. The presence in the in- 
testinal tract of bacteriophage for dysentery bacilli may complicate the isolation of 
shigella from the feces. 

2. Most strains of susceptible bacteria produce bacteriophage-resistant mutants. 
These may be detected in cultures by using heavy inocula, enriched broths like those 
containing tetrathionate and selenite F, and selective agar media. 

3. The presence of bacteriophages may also produce changes in pure cultures of 
susceptible bacteria. On solid media these changes are indicated by a mottled or 
“moth-eaten” appearance of the colonies. 

Filters. The Berkefeld, Selas and sintered glass types are recommended. The test 
tube containing the filtrate may be replaced by an empty sterile tube and the filter used 
2 or 3 times for succeeding generations if the material is not too cloudy. 

2. When new Berkefeld and Selas filters are received, the chalky deposit is removed 
from the outside by scrubbing gently under running water with a fine brush (nail 
brush) which is entirely free of soap. The filters are then boiled for 15 to 20 
minutes in distilled water 3 times. This tends to neutralize the filters and to cleanse 
them. The mantles are washed with soap and water and allowed to drain until they are 
dry. 

3. They are assembled as shown in Fig. 275. If available, substitute a vacuum 
pump for the water suction pump. For ordinary setups a regular test tube holding 15 
to 20 ml. is used but in preparing a large volume a larger test tube holding about 60 
ml. is used. The air is drawn out of the Erlenmeyer flask by the use of suction and 
then out of the test tube through the second hole and between the 2 corks producing 
sufficient suction for filtration. The airway is so narrow and well protected that the 
filters when assernbled and sterilized may be kept without being wrapped for several 
weeks before being used. 

4. After being assembled the filters are sterilized in an autoclave at 121° C. for 
1 hour. 

5. After use they are cleansed as described on page 371. 

Culture Media. 1. Any medium which supports a good growth of the test bacterium 
is suitable. 

2. If there is any need for the preparation of bacteriophages for therapeutic pur- 
poses, 1 per cent Amigen broth is recommended. This is prepared by diluting the com- 
mercial Amigen used for intravenous injection according to the instructions accompany- 
ing the product. 

Method for Isolation of Bacteriophage from Feces, Sludge and Sewage. 1. 
These are the most common sources and a bacteriophage for the colon bacillus can be 
almost invariably obtained. 

2. Inoculate 100 ml. of broth with 10 mi. of sewage or 5 gm. of feces. Incubate 
overnight. Centrifuge at 2500 r.p.m. for 15 minutes and filter the supernate through 
a sterile Berkefeld or Selas filter to remove bacteria. Incubate 24 hours for sterility. 
The filtrate is then tested tor bacteriophage. 


PLATE XIX 


Negri bodies of rabies. 
Top, Ammon’s horn of a dog (Seller’s stain) X 200. Bottom, same preparation X 900. 
(From Rivers, Viral and Rickettsial Infections of Man, Courtesy of J. B. Lippincott Company.) 
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Fig. 275. Inexpensive method of filtration. 
1. Mantle. 2, 3, 4, 5. Filter. 6. Perforated rubber stopper. 7. Neck of filter. 8. Perforated rubber 
stopper in test tube (11). 9. Air outlet. 10. Glass tube. 12. Filter flask with side-arm. 13. Perforated 
rubber stopper in air-exhaustion bottle (14). 15. Faucet. 16. Connection for suction pump (17). 


Method for Testing Filtrates for Bacteriophage. 1. Prepare a suspension of the 
test organism from 18 to 24 hour agar slant culture of such density that 0.1 ml. added 
to 10 ml. of broth will give a faint perceptible cloud. 

2. To each of 4 tubes carrying 10 ml. of broth (pH 7.6-7.8) add 0.1 ml. of the 
suspension of test organism. To 3 of the tubes add 0.5, 1, and 2 ml. of the filtrate to 
be tested for bacteriophage. The fourth tube is a culture control. To a fifth tube of 
10 ml. of broth add 0.5 ml. of filtrate as a control on its sterility. 

3. Incubate at 37° C. until there is a perceptible growth in the control (usually 
4 hours). Observe carefully for clearing (lysis): +-+-+-+ = complete clearing; 
+--+ = slightly cloudy; no sediment; ++ = perceptible clearing; some sediment; 
-+ == slightly clearer than the control. 

4. Filter the first 2 tubes through a sterile Berkefeld or Selas filter. Continue incu- 
bation of the third tube overnight. A reading is then made using the same scale. If lysis 
is not +-+-+-+1, the process is repeated, using the filtrate obtained after the 4-hour 
incubation. When lysis is complete, a volume of phage is prepared in a suitable medium. 

Method of Isolating Staphylococcus Bacteriophage from Pus. 1. Place 1 ml. 
of pus in 20 ml. of broth or 5 ml. in a flask of broth (pH 7.6-7.8) and incubate at 
37° C. overnight. 

2. Centrifuge at 2500 r.p.m. for i5 minutes and pass the supernate through a sterile 
Berkefeld or Selas filter. 

3. Prepare a thin suspension of the staphylococcus in broth. 

4. In each of 5 sterile test tubes place 10 ml. of broth (pH 7.6-7.8). 
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5. Add 0.1 ml. of the bacterial suspension to the first 4 tubes. 

6. To the first 3 add 0.5, 1 and 2 ml. of the pus filtrate respectively. Tube No. 4 
is a culture control. To No. 5 add 0.5 ml. of pus filtrate as a control. 

7. Incubate 4 to 24 hours and examine frequently. If bacteriophage is present lysis 
will occur in some or all of the first 3 tubes. No. 4 should show a good growth. No. 5 
should be sterile and remain clear. 


Part Four 
PARASITOLOGIC METHODS 


28 


METHODS FOR PARASITOLOGIC EXAMINA- 
TIONS: OF TEIESEECES 


Epwin S. GAULT AND ANTHONY J. LAMBERTI 


Principles. So many diseases and carrier states caused by animal parasites are due 
to infestment of the gastro-intestinal tract that examinations of the feces for worms, 
ova, larvae, or cysts, are among the most important of parasitologic examinations. 

Not all parasites or their products occurring in the feces are pathogenic. For ex- 
ample, several species of free-living amebae and flagellates may rarely occur as acci- 
dental contaminants. These are known as coprozoic parasites and are of no significance 
except for the fact that they may be mistaken for pathogenic species. 

Various other objects found in feces, such as yeasts, fungus spores, vegetable cells. 
fat globules and air bubbles may be mistaken by the inexperienced for protozoa or 
helminthic ova. Epithelial cells, mononuclears, especially the large phagocytic variety 
containing red blood cells, are easily confused with the forms of Endamoeba histolytica. 

In the routine examination of feces for animal parasites the following order should 
be adhered to: 

(a) Gross EXAMINATIONS. The consistency (fluid, formed or semiformed), odor 
and color of the stool should be noted together with the possible presence of blood and 
mucus. The specimen should also be grossly examined for the presence of adult hel- 
minths or their segments. 

(6) Microscopic ExAMINaTIons. Direct examination in saline for the presence of 
trophozoites (motile forms) and other parasitic forms. Microscopic examination of 
material obtained by one of the concentrative procedures for cysts, ova and larvae, 
and the preparation and study of iron-hematoxylin stained smears for motile forms 
and cysts. 

It is to be remembered that a single negative stool examination does not exclude 
the possible presence of intestinal parasites. At least three specimens should be ex- 
amined to achieve an accuracy of over 90 per cent. 


COLLECTION 


Feces to be examined for parasites should be collected in a clean, dry receptacle 
free of antiseptics or germicidal agents, since such substances cause the destruction of 
the trophozoite forms. For the same reason patients should be instructed not to void 
in the container. 

In those instances where an oil cathartic or a barium meal is administered it is 
exceedingly difficult to find protozoan forms. When such measures are indicated stools 
should be examined either previous to or 72 hours following the administration of the 


cathartic or barium. Specimens collected by means of enema are usually unsatisfactory. 
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Depending upon the consistency of the stool the following methods should be employed. 

Fluid Stools. If the consistency of the stool is fluid in character it is suggested that 
a warm stool technic be followed. This method is favorable for the demonstration of 
motile forms and morphologic characteristics of the trophozoites. Incidentally, the cyst 
forms of protozoa and helminthic ova and larvae may also be found. 

1. The feces are passed into a suitable receptacle which has been warmed to body 
temperature. 

2. A portion of the stool (approximately four ounces) is transferred to a clean 
receptacle, preferably of a disposable type. A half-pint cardboard liquid container is 
excellent for this purpose, for upon completion of the examination the box and its 
contents may be incinerated. 

3. Label the specimen with patient’s name, age, location, date and time of col- 
lection. 

4. Maintain at body temperature enroute to the laboratory. A disposable container 
placed between two hot-water bottles and wrapped in a Turkish towel may be used 
for this purpose. 

5. Deliver specimen immediately to the laboratory. In the case of out-patients, 
if trophozoites are to be demonstrated, it is highly desirable that stools be collected 
in or near the laboratory or kept warm by placing in a thermos bottle. 

6. Promptly examine specimen using preferably a warm stage technic. 

Formed or Semiformed Stools. If the consistency of the stool is formed or semi- 
tormed the routine technic is employed. Such stools are more likely to contain proto- 
zoan cysts and helminthic ova and larvae rather than the motile trophozoites. 

1. Collect passed stool as outlined previously in 1, 2, and 3. 

2. Deliver the specimen to the laboratory. Unlike the fluid stool, there is no need 
of keeping this type of specimen warm. Such a specimen may be adequately examined 
by the laboratory even after several hours following collection. Degenerative changes, 
particularly of protozoan cysts, may occur if the specimen is over 24 hours old, and 
make their identification more difficult. 

Sigmoidoscopic Aspiration of Ulcers. Not infrequently, a diagnosis of amebiasis 
can be made by microscopic examination of material aspirated from rectal or sigmoidal 
ulcers when routine diagnostic methods fail to reveal the parasites. It has been noted 
that swabbing the surface of ulcers is not satisfactory, since organisms below the 
surface may not be picked up by the swab, or there may be so few organisms that they 
may be absorbed into the cotton. It is our practice to use any standard sigmoidoscope, 
into which a Fradkin aspirator (Fig. 276) is inserted. Thus, exudate may be sucked up 
from the base of the ulcers under direct vision, and immediately transferred to a slide 
for microscopic examination. The bulbous tip on the aspirator prevents trauma to the 
mucosa, and the curved end permits aspiration from ulcers at any point in the circum- 
ference of the bowel. However, it must be remembered that only about one fourth of 
the cases will show lesions in this area. 

Mailing of Fecal Specimens. If feces are to be sent through the mails the follow- 
ing precautions should be taken. 

1. The specimen should not be more than one tenth of the capacity of the container. 

2. The container should be tightly stoppered and the stopper held in place with 


adhesive tape or cord. 
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3. The specimen should be properly labeled as to patient’s name, age, date and time 
of collection and how obtained (normally passed or purgation stool). 

4. The bottle containing the specimen should be placed in a mailing case consisting 
of an inner metal and outer fiber cardboard container conforming to postal regulations. 

5. Send air-mail or special delivery so that the laboratory may receive specimen 
within 24 hours. 


Fig. 276. Fradkin aspirator. 


(From Fradkin, The Diagnosis and Treatment of Diarrheal Diseases. Courtesy of Grune and 
Stratton, Inc.) 


METHODS OF EXAMINATION FOR AMEBAE 


Of the sarcodina, only Endamoeba histolytica is definitely pathogenic, producing 
acute or chronic dysentery, amebic enteritis, abscesses in the liver, lungs or elsewhere 
and the carrier state (contact or convalescent). Endamoeba gingivalis is probably non- 
pathogenic, but may favor secondary bacterial or spirochetal infections in gingivitis. 
Endamoeba coli, Endolimax nana, Iodamoeba biitschlii and Dientamoeba fragilis are 
apparently nonpathogenic and harmless commensals, but are important from the stand- 
point of being possibly mistaken for E. histolytica in the laboratory. However, some 
authorities believe that diarrhea may be associated with Dientamoeba fragilis infesta- 
tions. 

Method for Fluid Stools. Direct Examination. 1. If the stool is fluid, select 
blood stained portions of mucus or minute tissue fragments for examination. If semi- 
solid and free from blood or mucus, any part may be used. 

2. Warm a clean slide so that it feels comfortable when touched to the back of the 
hand. Then secure a small amount of mucus, or mucus and blood, by means of a wire 
loop or wooden applicator and thoroughly emulsify, if necessary, in 1 drop of warm 
normal saline on the middle of the slide. The specimen should be kept at body tempera- 
ture during examination by means of a warm stage; otherwise a heated penny may be 
placed on the end of the slide. 

3. Take a clean coverglass between the thumb and forefinger of the right hand, 
contact the slide with one edge of the coverglass near the drop, but not touching it, 
push the coverglass along the surface of the slide until its edge contacts the drop, rock 
it slightly from side to side to allow a portion of the fluid to come under the edge of 
the coverglass, and then let the coverglass drop from between the fingers, allowing it 
to fall on the slide. The fluid portion of the drop on the slide will then automatically 
be drawn by capillary attraction under the coverglass, while the solid particles will be 
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excluded. This method insures a thin, even preparation of not too great density and 
insures even apposition of the coverglass to the slide. The preparation is now ready 
for examination, but if it is to be kept on a warm stage for any period of time, it may 
be ringed with Vaseline. 


Fig. 277. Endamoeba histolytica. 


Motile forms showing ingested red cells and clear ectoplasm. (After Army Medical School Col- 
lection, Washington, D.C.) (From Zinsser and Bayne-Jones, Textbook of Bacteriology. Courtesy of 
D. Appleton-Century Company.) 


4. Examine with the low and high power objectives, shutting down the light 
considerably. 

5. The trophozoites of E. histolytica (Figs. 277 and 278) must be differentiated 
from those of E. coli, Endolimax nana, Iodamoeba bitschlii and Dientamoeba fragilis. 
For this purpose see Table 39. Differentiation 
is based upon (a) size and color; (0) differ- 
entiation of ectoplasm and endoplasm; (c) 
granularity of endoplasm and presence of cell 
inclusions; (d) the visibility of the nucleus, 
location when in motion, and size; (e) type 
of motility (active, sluggish, progressive or 
nonprogressive); (f) pseudopodia (single or 
multiple, clear or granular); (g) flowing of 
endoplasm into pseudopod (slow or explosive) 
and (/) presence or absence of erythrocytes 
or bacteria in the endoplasm. Never make a 
diagnosis of the trophozoites of amebae unless 
they are motile. Moreover, the diagnosis of 
the trophozoites of Endamoeba histolytica Fig. 278. Endamoeba histolytica tropho- 
should not be made on fresh preparations zoite iron-hematoxylin stained. 
unless progressive, directional motility is seen ieee Ra nucleus and ingested red 
and the presence of red blood cells is demon- 
strated within the cytoplasm. If motile forms are not found careful search should be 
made for protozoan cysts and helminthic larvae and ova as indicated under formed 


stool methods. 
6. According to Hakansson, in preparations with normal saline solution the tropho- 
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zoites of Dientamoeba fragilis at rest present a faultlessly circular outline and, if 
motile, characteristic thin veil-like pseudopodia with sharp points and corners. In 
preparations with water the ectoplasm of these trophozoites swells and ruptures in 
1 to 10 minutes with extrusion of its contents. 
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Fig. 279. Objects in feces sometimes mistaken for protozoan cysts and helminthic ova. 


A, Alternaria spore. B, Acrothecium spore. C, Helminthosporium spore. D, Blastocystis hominis. 
E, hemp pollen. F, orchard grass pollen. G, timothy pollen. H, ragweed pollen. I to L, vegetable 
cells. M, leukocyte. N, squamous epithelial cell. O, epithelial cell. P, muscle fiber. Q, cornstarch. 
R, potato starch. S, rice starch. T, oil globule. U to X, cellophane bodies (redrawn from Reardon, 


1938). (From Belding, Textbook of Clinical Parasitology. Courtesy of D. Appleton-Century 
Company.) 


7. Tissue cells derived from the patient, or ingested food, may at first glance 
appear as amebae, but careful examination of them will easily establish their true 
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nature. Macrophages may be found containing phagocytized erythrocytes, but exam- 
ination reveals their typical nuclear structure and ameboid movement is not observed. 
Epithelial cells are pale in color and have nuclear characteristics which easily differ- 
entiate them. Vegetable cells, such as starch granules, pollen granules, yeast cells, 
or other cells of this tye, have a certain definiteness of outline and structure that 
shouid lead to no confusion (Fig. 279). 

Method for Formed Stools. Direct EXAMINATION. 1. On a slide thoroughly 
emulsify a fleck of feces in a normal saline solution. 

2. Mount with a coverglass and examine under the low power and high-dry objec- 
tives for cyst-like bodies. 

With the low power objective (16 mm.) and the light greatly reduced search for 
tiny rounded or ovoid, smooth-walled structures. As the objective is raised or lowered 
with the fine adjustment these structures will appear as tiny refractile, pale blue or 
green colored, bodies having a dark lined periphery. Not all refractile bodies are 
protozoan cysts. Those of small size may prove to be yeasts or Blastocystis hominis. 
Oil globules, lipids and other refractile bodies must be differentiated. 

When a cyst-like body has been observed it should be further studied with the 
high-dry objective. Under this magnification cysts will show a definite smooth wall. 
Structures such as nuclei, chromatoidal bars and glycogen masses may be visualized 
and are of differential value (Table 39). The chromatoidal bars of Endamoeba histo- 
lytica will appear, if present, as brighter or more refractile rods or sausage-shaped 
bodies within the cyst. 

3. On a second slide emulsify a fleck of feces in saline solution. Add a drop of 
iodine solution (2 gm. iodine, 4 gm. potassiutn iodide and 100 ml. distilled water) 
or a drop of iodine-eosin solution (Donaldson). This is prepared by mixing 2 ml. of a 
saturated solution of eosin in normal saline solution, 1 ml. of iodine solution (100 ml. 
saline solution, 5 gm. potassium iodide and iodine crystals to saturation) with 2 ml. of 
saline solution. 

D’Antoni’s standardized iodine solution ‘s made from a standardized potassium 
iodide solution which is adjusted, by the specific gravity method, to an exact 10 per 
cent strength. To 100 ml. of a 1 per cent solution 1.5 gm. of powdered iodine crystals 
are added and, after standing 4 days, this stock solution is ready for use. It may be 
kept for long periods, if tightly stoppered. For immediate use, a small portion is 
filtered into a dropping bottle (should be discarded after 10 days). Sealed tubes of 
potassium iodide (10.0434 gm.) and glass-stoppered bottles of iodine (15 gm.) to make 
1000 ml. of stock solution may be purchased. 

4. Mix thoroughly and cover with a coverglass. The thickness of both the iodine 
and saline preparations should be such that a typed page can be read easily through 
them. 

5. Examine under the low and high power. 

6. With the iodine solution, the protoplasm of cysts appear a lemon yellow while 
the nuclear membrane and karyosomes are brighter and refractile (Fig. 280). Glycogen 
assumes a dark brown color. 

7. With the iodine-eosin solution, the cysts take on a yellow or brown color and 
stand out clearly. The nucleus also becomes clearly defined. Bacteria, yeasts and fecal 
particles stain pink. The disadvantages of iodine-stained preparations are that cysts 
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lose their typical refraction, trophozoites are killed and the fecal material has a 
tendency to clump. 

8. The cysts of Endamoeba histolytica (Fig. 281) are spherical or ovoid refractile 
bodies measuring 3.5 to 20 microns in diameter. The large race cysts average 12 to 13 
microns while the small race cysts average 7 to 8 microns in diameter. The nuclei 
(1 to 4) of the cysts are poorly visible when compared to those of Endamoeba coli. 
Young cysts contain one nucleus, a large glycogen mass and blunt, sausage-shaped 
chromatoidal bars. As the cysts mature there is a disappearance of the glycogen mass, 
the nuclei divide, arrange themselves in pairs and are peripherally located within the 
cysts. Bacteria and red blood cells are not found in cysts. In iodine-stained preparations 
the cysts absorb the stain and the nuclear and other cellular characteristics are 
accentuated. 

9. Cysts of Endamoeba coli, when observed in saline preparations, appear as refrac- 
tile bodies measuring 10 to 33 microns in diameter. Both large and small races of this 
species of amebae are found. It is to be remembered, however, that generally the small 
cysts of Endamoeba coli are usually larger than the large cysts of Endamoeba 
histolytica. 

The cysts of E. coli are spherical or slightly ovoid having a thickened cyst wall and 
granular cytoplasm. The nuclei of the mature cyst (usually 8) will appear as refractile 
bodies aggregated in the center of the cyst. In contrast the nuclei (1 to 4) of 
E. histolytica are separate and peripheral. 

The two-nucleated or immature cyst of E. coli contains a large glycogen mass 
and, in a few cases, needle-like chromatoidal bars. The two nuclei are pushed over to 
the periphery of the cyst. In iodine stained preparations the cysts absorb a great deal 
of the stain and the nuclear details are accentuated. 

10. The rounded or ovoid cysts of #. nana measure from 6 to 14 microns in 
diameter. In saline preparations the nuclei (2 to 4) are not generally visible. 

These cysts may, on occasion, be mistaken for those of E. histolytica (small race). 
A helpful point in the differentiation of these cysts is that in iodine-stained prepara- 
tions there is very little absorption of the iodine in the cysts of Endolimax nana. 

11. The cysts of J. bitschlii are irregular in shape and vary in size from 8 to 18 


Fig. 280. Protozoan cysts stained with iodine stain. 

12, 13, 14, 15. Endamoeba histolytica. Note nuclei with central karyosomes, chromatoidal masses 
in 12, 13 and 14, and small size cysts in 15. 

16, 17, 18. Endamoeba coli. Note nuclei with eccentrically situated karyosomes, and thicker nuclear 
membrane, and absence of the large chromatoidal masses present in the cysts of Endamoeba 
histolytica. 

19, 20. Endolimax nana. Two and four nucleated cysts. 

21. Iodamoeba butschlii. Note large glycogen vacuole and nucleus with indistinct membrane and 
large, refractive, eccentric karyosome. 

22, 23. Giardia lamblia. Note shape of cysts and presence of axostyles and parabasal bodies as 
refractive lines. Nuclei are four in number and minute. 

24, 25, 26. Chilomastix mesnili. Note lemon-shaped cysts containing a large nucleus with ec- 
centrically situated karyosome and refractive fibrils representing cytostomal structures. 

27, 28. Blastocystis hominis. Note nuclei situated in the outer wall which encloses a large vacuole 
which may contain inclusions. 

29. Phycomycete. Note absence of nuclei. These spores are frequently mistaken for cysts of 


Endamoeba histolytica but the absence of nuclei or chromatoidal bodies should serve to distinguish 
them. All figures are X 1675. 


(From Boeck and Stiles, Hyg. Lab. Bull., No. 133, 1923.) 
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microns. They have a granular cytoplasm, possess a single nucleus and a large, well 
defined glycogen mass which in saline preparations appears as a punched-out vacuole. 
The large glycogen mass is well brought out in iodine-stained preparations. 


Fig. 281. Endamoeba histolytica cyst. lron-hematoxylin stained preparation. 
Note the two peripheral nuclei, the glycogen mass appearing as a vacuole and the chromatoidal bars. 


12. Although Blastocystis hominis is not an amebic cyst it is often mistaken for 
one. It is commonly found in the feces, is a vegetable cell and appears as a colorless, 
round, sometimes oval body measuring 5 to 15 microns in diameter. It consists of a 
central clear body surrounded by a narrow rim of cytoplasm which contains a number 
of refractile bodies resembling nuclei. Their significance 
is not completely determined. They are not considered 
pathogenic and are seldom reported unless they are 
present in unusually large numbers (Fig. 282). 

Concentration Methods. The next step is the 
utilization of a concentrative procedure. Many con- 
centration methods are available but one of the most 

satisfactory is Faust’s zinc sulfate centrifugal flotation 

- ee Baas Seca method (Am. J. Trop. Med., 1938, 18:169). This 

stained; 1000, (After Lynch, procedure is based upon the relative specific gravity 

from Todd and Sanford, Clinical of the zinc sulfate (1.180) and the specific gravity of 

“eine ss a ae a the protozoan cysts and helminthic ova. On this basis 

Company.) the cysts will float to the surface. The procedure is as 
follows: 

1. Make a suspension by using one part of feces (about size of a pecan) with about 
10 parts of lukewarm water. 


2. Strain 10 ml. through a layer of cheese cloth into a test tube (15 & 85 mm.). 


Fig. 282. Blastocystis hominis. 
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3. Centrifuge 45 to 60 seconds at 2500 r.p.m. 

4. Pour off supernatant fluid and add 2 to 3 ml. of water. Mix thoroughly and add 
more water to fill the tube. After centrifugation the amount of packed sediment should 
fill the curved portion of the bottom of the tube. If much above this point adjustment 
should be made. 

5. Repeat steps 3 and 4 until the supernatant fluid is clear (3 or 4 times). 

6. Pour off the supernatant fluid and add 3 to 4 ml. of zinc sulfate solution having 
a specific gravity of 1.180 (33 per cent). The specific gravity of the solution is con- 
veniently checked with a hydrometer having a range of 1.1 to 1.2. Mix the packed fecal 
sediment with the sulfate solution and then add more zinc sulfate to fill the tube. 

7. Centrifuge the material at 2500 r.p.m. for 45 to 60 seconds. 

8. By means of a bacteriologic inoculating loop (4 mm. in diameter) bent at right 
angle to the axis, remove several loopfuls of the material from the surface of the zinc 
sulfate. 

9. Place on a slide, add a small drop of iodine solution, mount and examine under 
the low power and high-dry objectives for cysts, helminthic ova and larvae. 

Staining Methods. These are desirable to confirm or establish the species of 
protozoa found in the direct examination. Iron-hematoxylin preparations are best for 
the demonstration of the nuclear details that are important in the differentiation of the 
various species of protozoa. 

TRON-HEMATOXYLIN Rapip Metuop. 1. By means of an applicator stick obtain 
a fleck of feces from the surface of the stool. Spread the fleck over the surface of a 
glass slide in such a way that both thin and dense areas are made. 

2. Immediately fix the fecal smear in cold Schaudivn’s fluid for 10 minutes, or a 
solution heated at 60° C. for 2 minutes, prepared as follows: 


Saltikavec sole picMlonderOLeMerGUicya see) sso en 2 volumes 
Bthyleaiconal (OS: percent) sae toe» te vi chyieecae: 1 volume 


Mix the alcohol and saturated solution of bichloride of mercury, and add 5 per cent 
glacial acetic acid just before use. 

3. Drain slides and place in 70 per cent alcohol containing a few crystals of iodine 
for 2 minutes. 

4. Drain and place in 70 per cent alcohol for 2 minutes. 

5. Drain and transfer slides to 50 per cent alcohol for 2 minutes. 

6. Rinse with tap water and place in a 2 per cent iron alum solution for 10 minutes. 

7. Rinse with tap water and transfer to a solution of hematoxylin for 10 minutes, 
prepared as follows: 


PLC ALORVUMRCLYStAlS 0. ewe toy chanel fete me sean rer 0.5 gm. 
NGOMON CO Ss PER CENL) Sam, wale eee eee ed te ea 10.0 ml. 
WV Gena SLIN CC ee ee ince heey «ge hie ap eg nary can a heokaras 90.0 ml. 


Add the hematoxylin crystals to the alcohol and dissolve the crystals with gentle heat. 
Add the water and allow the solution to ripen, in the presence of sunlight, for several 


weeks before using. 
8. Rinse the slides with tap water and differentiate in a 2 per cent solution of iron 


alum for 1 minute. 
9. Rinse with tap water and dehydrate in 50, 70, 95 and absolute alcohol for 


2 minutes in each alcohol. 
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10. Pass slides through several changes of xylol at 2 minute intervals, add Canada 
balsam, and apply a No. 1 coverglass. Examine the preparations with the oil immersion 
objective. At no time during the entire staining procedure must the smears be allowed 
to dry (Fig. 283). 


Be Sr RTA ONE a 


Fig. 283. The three common intestinal amebae stained with iron hematoxylin. 


1. Endamoeba histolytica with three red blood cells. 2. Endamoeba coli. 3. Endolimax nana 
x 2000. (After Dobell and O’Connor.) 


HEIDENHAIN [RON-HEeMATOXxYLIN MetHop. Although this method requires more 
time, it gives much better differentiation. Several slides should be stained at a time, 
since only a few will give good results. The technic is as follows: 

1. Prepare film by smearing a small amount of material on a clean coverglass to 
form a thin, moist film. 

2. Without allowing the preparation to dry, fix from 10 to 20 minutes in Schaudinn’s 
fluid by floating the coverglass, film side down, on the solution which has previously 
been warmed (about 37° C.). The fluid may be made up in sufficient amount to fill the 
lower half of a petri dish. Following the period of fixation, the preparation should be 
turned over so that the film side is up. 

3. Drain off the fixative and cover with 50 per cent alcohol, agitating the dish. 
Repeat this process several times to remove all traces of fixative. Drain and 


Cover with 70 per cent iodine-alcohol for 3 to 5 minutes. Drain and 
Cover with 70 per cent alcohol 3 to 5 minutes. Drain and 
Cover with 85 per cent alcohol 3 to 5 minutes. Drain and 
Cover with 95 per cent alcohol 3 to 5 minutes. Drain and 
Cover with 85 per cent alcohol 3 to 5 minutes. Drain and 
Cover with 70 per cent alcohol 3 to 5 minutes. Drain and 
Cover with 50 per cent alcohol 3 to 5 minutes. Drain and 
Cover with 30 per cent alcohol 3 to 5 minutes. Drain and 
Wash in several changes of tap water for 10 to 20 minutes. Drain and 
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4. Cover with mordant for 15 minutes in incubator at 37° C. Better preparations 
may be obtained by allowing the mordant to act over night in the incubator. (If pressed 
for time, steam gently for 15 minutes): 


Ferric ammonium sulfate 
Distilled water 


5. Drain off the mordant and wash in several changes of tap water 5 to 10 minutes. 
6. Drain and place in 0.5 per cent aqueous solution of hematoxylin for the same 
period as used in the mordant stage: 


Hematoxylin (any standard hematoxylin) 
Dasnilledinwalietarateewsewt tee ciara 


Dissolve the hematoxylin in a small amount of 95 per cent alcohol (about 5 ml.). 
Dilute to 100 ml. with distilled water. Allow to ripen for at least 2 days before using. 

7. Differentiate in fresh 2 per cent aqueous solution of ferric ammonium sulfate 
(iron alum). This is the most critical step in the whole procedure and must be done 
carefully by removing the preparation with forceps, dipping into the differentiating 
solution and quickly rinsing off in a beaker of tap water. The preparation should now 
be examined under the 4 mm. objective of the microscope to see whether sufficient 
differentiation has been accomplished. If not, the process is repeated until the nucleus 
stands out as blue-black, with the cytoplasm and debris of a gray or bluish-gray shade. 

8. After differentiation, wash in several changes of tap water or running water 
from 20 to 30 minutes. 

9. Dehydrate in graded alcohols: 30 per cent, 50 per cent, 70 per cent, 85 per cent, 
95 per cent and absolute. 

10. Clear in xylol (oil of thyme or oil of cloves may be used), 5 minutes. 

11. Mount in balsam. 

12. At no time, during the entire procedure, must the smears be allowed to dry. 

SHERIDAN CELLULOSOLVE Metuop. This method (J. Lab. & Clin. Med., 1941, 
27:254) saves considerable time and is much Jess expensive. Cellulosolve is ethylene 
glycol mono-ethyl ether. The method is as follows: (a) fix in Schaudinn’s solution for 
5 minutes, (0) 95 per cent alcohol with iodine to a port wine color for 3 minutes, 
(c) 70 per cent alcohol for 3 minutes, (d) rinse in tap water, (e) 4 per cent solution 
of ferric ammonium sulfate for 15 minutes, (f) rinse in tap water, (g) 0.5 per cent 
aqueous solution of hematoxylin for 10 minutes, (A) 0.25 per cent solution of ferric 
ammonium sulfate for about 12 minutes, (7) wash in running water for 1 minute, 
(j) cellulosolve for 10 minutes, (&) mount in balsam. 

Markey Meruop. This method (Am. J. Clin. Path., 1943, 13: No. 1) eliminates 
the uncertain and troublesome step of destaining. The method is as follows: (a) fix 
in Schaudinn’s solution for at least 2 minutes, (0) place in 95 per cent alcohol for 10 
to 15 seconds (if permanent mounts are desired, it is advisable to remove mercuric 
chloride with iodine-alcohol), (c) rinse in water, (d) apply mordant (5 per cent 
aqueous solution of iron ammonium sulfate) at 56° C. for 2 to 3 minutes, (e) rinse in 
water, (f) stain in hematoxylin solution (0.4 ml. of 10 per cent alcoholic solution of 
hematoxylin, 0.8 ml. glacial acetic acid and 40 ml. distilled water) for 1 to 2 minutes 
at 56° C., (g) rinse in water and allow to stand until blue-black (for permanent 
mounts, slides should be washed in running water for 15 to 30 minutes), (#) dehydrate 
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in 95 per cent alcohol for 30 to 60 seconds, followed by absolute alcohol or acetone 
for 60 seconds, (i) clear in xylol and (j) mount in clarite, Canada balsam, or gum 
damar. At no time, during the entire procedure, must the smears be allowed to dry. 

Cultural Methods. In some laboratories the use of one of the following cultural 
methods has been employed with good results. 

The medium of Boeck and Drbohlav (L.E.S.), which is generally employed, is 
prepared as follows: 

1. Take 4 eggs, wash with tap water, brush with alcohol and carefully break them 
into a sterile flask containing glass beads. 

2. Add 50 ml. of Locke’s solution: | 


Sodirumbychlotidey, ste ce re eae ae eee 9.0 gm. 
Calcium chlor dese ae se Cosas ee nee 0.2 gm. 
PotasstuimiechlOrid Cone tee eet rete er Pras Or creer 0.4 gm. 
SOclitimmbr carb oMmat eke ese eee ey eae ree a eee 0.2 gm. 
GCOS. eae ee cares ce ae ieee ES RD ee eae 2.5 gm. 
Distilled Mwatere ao oces sate Bada ee eee’ bese wronn es 1000.0 ml. 


The solution is filtered and autoclaved at 121° C. for 15 minutes, and allowed to cool 
before use. 

3. Shake the mixture until the eggs are thoroughly broken up. 

4. Pour into test tubes a sufficient quantity to produce a slant 1 to 1% inches in 
length. 

5. Slant the tubes in an inspissator and heat at 70° C. until the mixture is solidified. 

6. After complete coagulation, autoclave at 121° C. for 20 minutes, or by frac- 
tional sterilization in the Arnold steamer. Care must be taken to raise the temperature 
in the autoclave very slowly. Care, likewise, must be exercised in allowing the autoclave 
to cool slowly. 

7. Cover the media in the tubes with a mixture prepared as follows: take equal 
parts of sterile Locke’s solution and sterile inactivated blood serum. Mix and pass 
through a Berkefeld filter. Incubate the mixture to determine sterility. If sterile, the 
mixture is ready to be added to the tubes. 

8. If the stool is solid or semisolid, select, preferably with aseptic precautions, a 
portion of feces about the size of a pea; or if fluid, the specimen may be obtained with 
a wide-mouth pipet fitted with a rubber bulb. 

9. Inoculate the L. E. S. medium, taking care to emulsify the feces thoroughly in 
the fluid portion thereof by rubbing the specimen against the sides of the test tube with 
a sterile applicator stick or inoculating needle. 

10. Place in the incubator at 37° C. for 24 hours. 

11. Remove the sediment at the bottom of the fluid portion of the medium with 
a large-mouth pipet. At least 0.1 of a ml. should be examined. 

12. Place the sediment on a warm slide, cover with a coverglass, and examine for 
vegetative forms. 

13. A mechanical stage should be used, and every part of the preparation examined 
as amebae grow quite slowly, and must be searched for thoroughly. 

14. If negative results are obtained, place the tube in the incubator for a second 
period of 24 hour incubation, at which time a second examination should be made. 
Before considering a culture negative, 3 or 4 preparations should be examined. 

A widely used medium for the cultivation of Endamoeba histolytica is the de- 
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hydrated Endamoeba medium produced by Difco. This medium is a modification of 
the original formula of Cleveland and Collier as follows: 


Bacto-Endamoeba medium |. NP A a pi Set: 33 gm. 
Distilled water ...... Ore hae 1000 ml. 


Suspend the medium in cold distilled water and heat to boiling to dissolve. Sterilize 
in the autoclave at 15 pounds pressure for 15 minutes. Remove the tubes from the 
autoclave and prepare slants. Cover the slants with sterile serum-saline mixture (1-6) 
and add a loopful of sterile Bacto rice flour. The medium is now ready for use. 

Inoculate this medium with an adequate amount of feces and incubate at 37° C. 
At 24 hour intervals, using a wide tipped pipet, remove several drops of fluid from the 
butt end of the slant. Examine under the low power and high-dry objectives for the 
motile forms of Endamoeba histolytica. 


METHODS OF EXAMINATION FOR INTESTINAL FLAGELLATES 


Examination of the feces for flagellates may be conducted in the same manner as 
described for the detection of amebae using direct, concentration and iron-hematoxylin 
staining methods. Cultural methods may be employed, as all intestinal flagellates will 
survive or grow on the Locke-egg serum (Boeck-Drbohlav) medium with the exception 
of Giardia lamblia, which has not been successfully cultivated. 

The intestinal flagellates encountered in the examination of the feces are: (1) 
Trichomonas hominis, (2) Chilomastix mesnili, (3) Giardia lamblia, (4) Embadomonas 
intestinalis and (5) Enteromonas hominis. 

The life cycle of the intestinal flagellates, with the exception of the trichomonads, 
consists of a vegetative or motile form, and a cyst stage. The vegetative form rapidly 
disappears after leaving the body, but the mature cyst forms are more resistant and 
may survive for some time. These parasites may be found incidentally in the routine 
examination of the feces. 

The cysts are complex in structure. They are approximately the same size as the 
cysts of amebae, and care must be taken not to confuse them. 

A schematic representation of the important characteristics of each is shown in 
Fig. 284. A brief description of each is as follows: 

1. Trichomonas hominis. This flagellate is found in the intestine of man (Fig. 285). 
It measures 9 to 15 microns. Its habitat is the large intestine, and is found in the feces, 
particularly during diarrhea. It may also occur in the vagina producing vaginitis. It is 
pear-shaped, and has 4 or more flagella, three or more projecting from the anterior end, 
taking their origin near an oval vesicular nucleus. There is an axostyle extending from 
the anterior to the posterior end projecting as a caudal process. An undulating mem- 
brane extends along the side and is edged by a flagellate process, which continues 
posteriorly. A small cytostome is present but may be obscured by structures in the 
anterior end. Organisms of the trichomonad group are differentiated from other motile 
flagellates by their characteristic jerky or “nibbling” type of motility. 

The cyst of this parasite has never been demonstrated. The organism is easily 
recognized in the feces with the low power objective, and is closely related to or identi- 
cal with the trichomonads found in the vagina (Trichomonas vaginalis) (Fig. 286), 
and in the mouth (Trichomonas elongata). 

2. Chilomastix mesnili. These parasites are commonly found in the intestine of 
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Fig. 284. Intestinal flagellates. > 2500. 


a, Chilomastix mesnili. b, Chilomastix mesnili cyst. c, Trichomonas hominis. d, Embadomonas 
intestinalis. e, Embadomonas intestinalis cyst. f, Enteromonas hominis. g, Enteromonas hominis cyst. 


h, Giardia lamblia. i, Giardia lamblia cyst. 


ax, axostyle. cy, cytostome. fl, flagella. nu, nucleus. sg, spiral groove. um, undulating membrane. 
(From Belding, Manual of Human Parasitology. Courtesy of D. Appleton-Century Company.) 


man (Fig. 284). When observed in fresh preparations the trophozoite is pyriform in 
shape and possesses a spiral groove. They vary in length from 10 to 15 microns. At 
the broad anterior end three flagella arise from the blepharoplast. Posterior to the 


Fig. 285. Trichomonas hominis. 
(After Dobell and O’Connor.) (From Zinsser and 
Bayne-J ones, Textbook of Bacteriology, 7th ed. Cour- 
tesy of D. Appleton-Century Company.) 


blepharoplast is the nucleus. The or- 
ganism contains a cleft-like cyto- 
steme in which there is a_ slender 
flagellum. Chilomastix mesnili has an 
irregular or boring type of motility. 

The cysts of C. mesnili, measuring 
7.5 to 8.5 microns, are pear-shaped 
and almost rounded. They have a 
double-contoured wall with a clear 
knob-like structure at one end. They 
contain a single nucleus and remnants 
of the cytostome and flagella ob- 
served in the trophozoite (see Fig. 
284). 

3. Giardia lamblia. This flagellate 
is pear-shaped and measures 7 * 14 
microns. The dorsal surface is arched. 
The ventral surface forms a shallow 
concavity which acts as a sucking 
disk, and enables the parasite to ad- 
here to the intestinal wall. The paired 
vertically arranged axostyles arising 
from the anteriorly located blepharo- 
plast divide the organism into two 
symmetrical parts. Chromatoidal para- 
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basal bodies traverse the axostyles. Two nuclei are located near the blunt end. Four 
paired flagella take their origin near this point, giving the parasite a quite characteristic 
face-like appearance. The flagellar is very active and exhibits a tumbling or falling- 
leaf type of motility. Its usual habitat is the small intestine and it is frequently found 


in biliary drainage. 

The cysts of Giardia lamblia 
measure approximately 10 X 7 mi- 
crons. They are ovoid and have a 
granular cytoplasm. The cyst ap- 
pears as if surrounded by a double 
outlined wall. At the anterior end 
are usually 4 nuclei. Running an- 
teriorly-posteriorly are the axonemes 
which are traversed by the parabasal 
bodies. Remnants of the flagellate 
processes are also seen (Fig. 287). 
When these cysts are observed on 
end they may be confused with those 
of Endamoeba histolytica because 
of the 4 nuclei and the chromatoidal 
bars. 

4. Embadomonas intestinalis. 
This organism measures 5 to 6 mi- 
crons. It is oval shaped and is only 
occasionally found in the feces of 
man (Fig. 284). Its habitat is the 
cecum. It usually has two flagella, 
one long and slender, the second 
short and thick. The nucleus and a 


Fig. 286. Trichomonas vaginalis. 


Camera lucida drawing of a typical specimen 
2250. a, axostyle. b, blepharoplastic granules. cb, 
chromatic basal rod. cf, cytostomal fiber. cg, chro- 
matic granule. k, karyosome. n, nucleus. u, undulating 
membrane. (Redrawn from Hegner.) (From Zinsser 
and Bayne-Jones, Textbook of Bacteriology, 7th ed. 
Courtesy of D. Appleton-Century Company.) 


small cytostome are located at the anterior end. Cysts are small, measuring 4 to 6 
microns, slightly pear-shaped, with a single nucleus usually centrally located. 


cyst wall... 
_. karyos0me 


- - 7ucleus 
ci axoatyle 


perist.fib.. -\. 
ridge of shield, ..\. 
--.rdge of meld 


Fig. 287. Cyst of Giardia lamblia. 

(After Simon.) (From Zinsser and 
Bayne-Jones, Textbook of Bacteriol- 
ogy, 7th ed. Courtesy of D. Appleton- 
Century Company.) 


5. Enteromonas hominis (Tricercomonas 
intestinalis). This is another rare intestinal 
parasite of small size, 4 to 8 microns, oval in 
shape, having a cytostome at the anterior end, 
4 flagella and a nucleus. The cysts are tiny, 6 
to 8 microns, oval, and usually contain 4 nuclei 
(Fig. 284). 


METHOD OF EXAMINATION FOR 
BALANTIDIUM COLI 


Balantidium coli, is truly parasitic and of 
importance. It infests the colon and produces a 
symptom-complex quite similar to amebic dys- 
entery. The collection and examination of 


specimens are similar to those employed for £. histolytica. Diagnosis is easy, due to 
the large size and the active motility of the parasite. 
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Balantidium coli is the largest protozoan parasite of man. It measures 60 to 100 
microns in length and 50 to 70 microns in width. It is oval in shape, slightly more 
pointed at the anterior end. It is covered with fine cilia. At the anterior end is a funnel- 
shaped mouth, also lined with cilia. Near the middle of the body a large, kidney-shaped 
macronucleus is found with a small micronucleus adjacent to the concave side. It has 
a number of vacuoles and a granular cytoplasm (Fig. 288). 

The cysts are round, 50 to 60 microns in diameter, having a thick wall, a kidney- 
shaped macronucleus and a granular cytoplasm. 


Fig. 288. Balantidium coli. 
Several balantidia deep in tissue of colon associated with infiltration of lymphocytes. (After 
Strong.) (From Zinsser and Bayne-Jones, Textbook of Bacteriology, 7th ed. Courtesy of D. Apple- 
ton-Century Company.) 


METHODS OF EXAMINATION FOR INTESTINAL SPOROZOA 
(COCCIDIA) 


The laboratory diagnosis is made by finding the oocysts in the feces. The collection 
of specimen and technic of examination are similar to that employed under examina- 
tion of the feces for amebae. 

Several species of coccidia have been described as occurring in the feces of man. 
It is probable that, with the exception of /sospora hominis and Isospora belli, they 
are coprozoic and not true parasites. The coccidia are tissue parasites, their rather 
complex life cycle taking place within the cells of the intestine. The oocysts are found 
in the feces. 

The Isospora hominis oocysts measure approximately 28 by 14 microns, have a 
colorless wall, are somewhat pear-shaped, and when passed in the feces, are unseg- 
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mented, containing only a spherical cytoplasmic body. If the feces are kept for 24 to 48 
hours 2 sporoblasts will form within. Within these, in turn, 4 sporozoites will form. 
These, however, are rarely seen. 


METHODS OF EXAMINATION FOR THE OVA AND LARVAE OF 
THE HELMINTHS 

The laboratory diagnosis of the majority of the helminths is accomplished by the 
finding of ova or larvae in the feces. The finding of even one typical form is sufficient 
for establishing diagnosis. 

In the routine examination of the feces for ova and larvae the same procedure 
should be followed as recommended for the protozoa as follows: 

1. Direct smears of the feces, 

2. Examination by a concentration method, 

3. Examination by culture (when applicable). 

Collection. 1. In examinations for the ova and larvae of the helminths, stools 
should be collected in a clean, dry receptacle and should not be mixed with urine. Most 
ova are identifiable for several days after passage, and usually a small representative 
portion of the stool is sufficient for a routine examination. Feces secured by purgation 
may also yield positive findings. 

2. If vermifuges have been employed, all the feces for at least 24, and preferably 
48 hours, should be submitted for examination as a check on treatment. 

3. Enterobiasis or pinworm infestation is best diagnosed by using material col- 
lected from the perianal and perineal skin. Although various blunt curettes and anal 
swabs have been employed for this purpose, tvvo of the most practical are the NIH 
cellophane swab described by Hall (Am. J. Trop. Med., 1937, 17:445) and the use of 
scotch tape described by Jacobs. 

4. At times the duodenal contents will reveal parasites when ova or larvae have 
not been detected in the feces. 

5. In the shipment of feces for helminthic examinations, the same precautions 
should be followed as outlined under the protozoa (page 665). 

Direct Examinations. 1. Thoroughly emulsify a representative bit of feces or 
mucus in a few drops of water or saline solution on a clean slide. Material should be 
secured from the surface of the fecal mass as well as from the more central portions. 

2. Spread thinly and evenly and cover with a coverglass. A satisfactory film is 
slightly opaque and allows newsprint to be read through it. 

3. Examine the smears systematically. At least 3 smears should be examined before 
a negative report is made. 

4. In examinations for ova the possible presence of trophozoites or cysts of the 
protozoa should not be overlooked. 

Faust’s Zinc Sulfate Centrifugal Flotation Method. Probably the most useful 
procedure for the demonstration of protozoan cysts and helminthic ova is the zinc 
sulfate centrifugal flotation method (page 674). 

Water Centrifugal Sedimentation Method. Baroody and Most (J. Lab. & Clin. 
Med., 1946, 31:815) have developed an ideal water centrifugal sedimentation method 
for the concentration of ova in feces as follows: 

1. Ten to 15 grams are placed in a 125 ml. Erlenmeyer flask containing about 
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100 ml. of lukewarm water. Stopper the flask with a rubber stopper and shake the 
contents for 1 to 2 minutes. 

2. The emulsified feces are strained through 2 layers of wet gauze into a 50 ml. 
teated centrifuge tube. 

3. Centrifuge for 30 seconds at 1500 r.p.m. and decant the supernatant fluid. 

4. Add lukewarm water to the 50 ml. mark, close with a rubber stopper and shake 
well to disperse the sediment. The addition of warm water causes a scum to form on 
the surface. 

5. The centrifuging and washing is repeated until the supernatant fluid is clear 
(3 washings and centrifugations usually suffice). 

6. Pour off the supernatant fluid. The packed sediment remains. By gently tapping 
the side of the tube with the fingers the sediment will settle at the bottom of the tube 
by gravity. 

7. Using a rubber bulbed pipet, remove 4 drops of sediment and transfer to a glass 
slide. 

8. Cover with a large (22 & 50 mm.) coverglass and examine with the low power 
and high-dry objectives of the microscope for the characteristic ova. 

Modified Technic. A modified technic employing both the method of Faust and 
that of Baroody and Most is as follows: 

1. Ten grams of feces are placed in a 125 ml. Erlenmeyer flask containing about 
75 ml. of warm water (40° C.). Stopper the flask and shake until emulsified. 

2. The emulsion is strained through a layer of gauze into a 50 ml. centrifuge tube 
having a teated bottom. 

3. The specimen is centrifuged at 2500 r.p.m. for 1 minute and the supernatant 
fluid removed. Add warm water, agitate the sediment, centrifuge at the same time and 
speed and then decant the supernatant fluid. This step is repeated once more. 

4. Add 10 ml. of warm water, agitate the specimen with an applicator stick and 
transfer the specimen to a 15 ml. centrifuge tube. Centrifuge at 2500 r.p.m. for 1 
minute and decant the supernatant fluid. 

5. Add 10 ml. of 33 per cent zinc sulfate (sp. gr. 1.180) to the sediment and mix 
with an applicator stick. Add zinc sulfate almost to the top of the tube and centrifuge 
1 minute at 2500 r.p.m. 

6. Protozoan cysts and helminthic ova will float to the surface of the zinc sulfate. 
Using a bacteriologic loop bent at right angle to the axis, remove several loopfuls from 
the surface and place on a glass slide. 

7. Add a drop of D’Antoni’s or Lugol’s iodine solution, coverslip the preparation 
and examine under the low power and high-dry objectives of the microscope for cysts 
and ova. 

Shearer’s Method (Benbrook Modification). 1. Pick up at least 1 gm. of feces 
using a wooden tongue depressor, and place in sufficient water to liquefy it. Do not 
use too much water. 

2. Thoroughly mix the feces with the water. 

3. Coarse particles may be removed if necessary by straining (Fig. 289). 

4. Fill a test tube or centrifuge tube nearly half full of the fecal mixture. 

5. Add to the above an equal quantity of sugar solution prepared as follows: 


Granulatedesugateesas2 ss... .. 0a. we ee: ee ee 1 \b. 
Water. ....a i... TEE ae a ge OZ. 
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Dissolve the sugar in the water, by immersing the bottle in hot water. Add 1 per 
cent phenol as a preservative. 

6. Mix by slowly inverting the tube several times. 

7. Centrifuge the tube containing the mixture for about 3 minutes at moderate 
speed, 1500 to 2000 revolutions per minute. Centrifuging may be omitted if the tube 
is allowed to stand 12 to 24 hours. 

8. Remove the tube from the centrifuge to a test tube holder without shaking. 

9. Lift off the surface layer of fluid (which now contains the eggs) from the tube 
by means of a headed glass rod prepared as follows: 


NAS 


Fig. 289. Straining feces (Benbrook). 


Heat one end of a 6 inch length of 5 mm. glass rod until it is soft enough to be 
“headed” against a cold metal object. The head portion should be just slightly less in 
diameter than the inside of the tubes used. A heavy glass rod, slightly smaller than 
the inside of the tube, may be used in place of the headed rod. The rod should be 
slowly lowered into the tube and the instant full contact is made with the liquid with- 
draw the rod quickly, bringing with it a large drop usually carrying a number of ova. 

10. Transfer the drop from the rod to a microscope slide by gently rotating the 
rod in the center of the slide. A second or third drop may be added to the first to 
obtain sufficient material to fill in under a micro-cover slide. 

11. Carefully lower a micro-cover slide on the drop without pressure. 

12. Examine the slide under the low power of the microscope. For best results, 
bright illumination should be obtained by adjusting the mirror and condenser and 
then modified by closing the diaphragm opening. The microscope should be vertical, 
not inclined, and the cover-slide area should be searched in a systematic manner. A 
mechanical stage is recommended. 

13. When ova are seen. the high dry power should be used for identification, 


686 PARASITOLOGIC EXAMINATIONS OF THE FECES 


Brine-Flotation Method of Kofoid and Barber. This method is especially useful 
when a large number of examinations must be made, particularly for the ova of 
nematodes and cysts of amebae. According to McDonald, it is unsatisfactory for 
trematode ova, which fail to rise to the surface. 

1. A large fecal sample is thoroughly mixed with about twice its volume of sat- 
urated solution of table salt in a paraffined pasteboard cup or a small beaker. 

2. A lightly compressed circular disk of No. 1 or No. 0 steel wool about 4 to 4 
inch thick is then placed in the cup and pushed to the bottom. This carries down all 
coarse particles. 

3. The fluid is allowed to stand for 1 hour, during which time the ova rise to the 
surface. 

4, Finally, the surface film is looped off with a wire loop about 4 inch in diameter, 
placed on a slide, and examined without a coverglass. The objective should be focused 
on the surface of the fluid. 

Willis-Malloy Method. 1. Dilute and thoroughly emulsify about 1 gm. of feces 
with 10 to 20 volumes of a saturated solution of sodium chloride in water. 

2. Transfer to a glass cylinder about 2.5 cm. in diameter. Use enough brine to 
form a meniscus. 

3. Carefully place a clean fecal slide (75 & 37 mm.) on the meniscus and allow it 
to remain for 10 to 30 minutes (no longer, in order to avoid disintegration of ova). 

4. Remove slide, invert and examine. 

Sedimentation Method. Where centrifuges are not available helminthic ova and 
protozoan cysts may be concentrated by means of sedimentation. The procedure is as 
follows: 

1. The entire fecal sample is emulsified in 10 to 20 times its volume in tap water. 
Let the emulsion settle for 1 or 2 hours. 

2. Pour or siphon off the upper two-thirds. Add more tap water nearly to the top 
of the container. Mix thoroughly and allow to settle for 1 or 2 hours. If supernatant 
is not very clear, repeat this step. 

3. Pour off water, prepare slides from sediment and examine for cysts and ova. 

Acid-Ether Method. Although this method is particularly useful for the demon- 
stration of schistosoma ova it is also applicable for most helminthic ova and protozoan 
cysts. The procedure is as follows: 

1. Place 1 to 2 gm. of feces into a 16 & 120 mm. test tube and add 5 ml. of 10 
per cent hydrochloric acid. 

2. Stopper test tube and emulsify feces by shaking. 

3. Filter through several pieces of gauze into a second test tube. 

4. Add 5 ml. of ether, stopper and thoroughly mix. 

5. Centrifuge at 2500 r.p.m. for 1 minute. A button will form between the acid and 
ether layers. 

6. With an applicator stick break button and discard all but 1 ml. of the super- 
natant fluid. 

7. Emulsify the packed fecal sediment with the 1 ml. of fluid. Prepare slides and 
examine for ova and cysts. 

Caldwell and Caldwell’s Ova Courting Method. 1. In a test tube or flask 
calibrated at 40 ml., place 4 gm. (approximately 4 ml.) of the stirred fecal specimen. 
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2. Add 4 ml. of antiformin and thoroughly mix with a glass rod. 

3. Leaving the rod in the tube or flask, allow the suspension to stand at room 
temperature or in incubator for 1 hour or more. 

4. Add 32 ml. of sugar solution (750 gm. of sugar in 1000 ml. tap water) and stir 
thoroughly. 

5. Insert a pipet to the bottom and bubble air through the suspension for mixing 
purposes. 

6. Withdraw 0.1 ml. of suspension from the middie portion immediately after 
bubbling. 

7. Place the sample on a slide and spread with a pointed instrument into a small, 
flat, square or rectangular film. No coverglass is needed. 

8. Count ova and multiply by 100 to obtain ova per gram of feces. 

9. The use of a 0.2 ml. specimen will register the presence of 50 ova per gram and 
sometimes fewer than that number. In this case the factor is 50. 

Cultural Methods. For ScuistosoMa (AFTER Stmmons). 1. Dilute a portion of 
specimen with water in large-mouth sterile test tube or flask. 

2. Allow to stand at room temperature overnight. 

3. Examine a drop of fluid taken from directly beneath the pellicle on the water 
with pipet having a large aperture. The miracidia will escape from the egg and may be 
found immediately below the pellicle on the water. 

For Hook-worm (MopIFIED FROM STITT). 1. Smear a generous portion of stool 
suspected of containing the hookworm ova upon a filter paper small enough to be 
contained within a petri plate. 

2. Place 2 microscopic slides on the bottom of the sterile petri plate, and lay the 
filter paper containing the feces on top with the buttered surface up. Sufficient tap 
water is added to just cover the filter paper. 

3. Cover and allow to stand at room temperature for 5 or 6 days. 

4, Examine fluid for the hookworm embryos. 

Sigmoidoscopic Method for Schistosoma. In cases of schistosomiasis, particu- 
larly Manson’s variety, the number of ova in the feces may be so small that their 
presence is not even detected by using acceptable concentration technics. In such 
instances diagnosis may be accomplished by the introduction of a sigmoidoscope and 
the removal of a small piece of tissue from an ulcer or normal tissue of the sigmoid 
(Am. J. Trop. Med., 1946, 26:811). Histologic preparations of such tissue will reveal 
either intact ova or fragments of the egg casing. 
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Operculum. Larcr. Over 50 microns, ova do not contain embryo in feces. 
Ellipsoidal, rounded at both poles, large size: 
if SB ae eno O MITECEON Sh, wash, caren ities hese eal Fasciolopsis buski 
TAO ES Ze 80 TICK OTS: .smacedita: eis Gaited iach me Fasciola hepatica 
Abundant in sputum, less frequent in feces, 
medium size: 
OPS Sy HNCEON SHEN ier azar to: ocr ORG gryene Sheen Paragonimus westermani 


Oval, small size: 
FROME Go SPD TAD ON RCI INST. geo aah era rec tee ace SR aoe a Diphyllobothrium latum 
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SMALL. Under 50 microns: 


Ovum widened at nonoperculated pole, giving shape of 
an electric light bulb 


29 <a VOMMICCONSH vee ec Oe ee Clonorchis sinensis 
No widening at nonoperculated pole, 

SO MSG A MTCONS eas ae are ee ei en eee Opisthorchis felineus 
Ovoid, with slight thickening at opercular rim, 

200 COLOMMCLONS 64a. tas. Senay Ie Set Mat. aed Heterophyes heterophyes 


No Operculum. WALL OPaAQueE. 
Wall thick and smooth 
Ovum elongated 
Terminal spine 140 50 microns. Present in 


urine; rake im feces oe es eee Schistosoma haematobium 
Lateral spine, 150) <"50 microns: 7140) 2. Schistosoma mansoni 
Minute lateral knob, 85 & 60 microns....... Schistosoma japonicum 

Ovum rounded, with radial striae, hexacanth 

embryo 
Ovum spherical 

SOM CAO SII CLONS mpc etme, come ees Taenia solium 

SSS, OO MMICTODS oka see tec sty et ae eee Echinococcus granulosus 
Ovunyovoid 3 55x25 TICrons 7" kee ee ae Taenia saginata 


WALL TRANSPARENT. 
Wall thick 
Barrel-shaped, clear plugs at poles, 52 & 23 Trichocephalus trichiura 


TOICLODS oases pen ee es ee ee (Trichuris trichiura) 
Globular with hexacanth larva, 40 & 36 microns Dipylidium caninum 
Wall thin. 
Two to four blastomeres 
TOSSES SFITIICRODS Seats tte ake aren een a eet Necator americanus 
COM F400 MICFOMS 2 sate nen oe a ee Ancylostoma duodenale 


Bulge on one side, flat on other, 55 & 25 microns. Enterobius vermicularis 
Three membranes, globular, small hexacanth em- 
bryon408<35 Microns wa eee ee Hymenolepis nana 


WALL ORNAMENTED. 
Mammillated, brown, 
COMCAS MICKONS tae sek ot eee ee ee Ascaris lumbricoides 
Ellipsoidal, three embryonic envelopes, shallow 
lozenge-shaped depression, 90 & 50 microns Macracanthorhynchus 
hirudinaceus 
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The flukes or trematodes are flat, leaf-like worms, nonsegmented, attaching them- 
selves to the mucous membranes by suckers. The oral sucker, located at the anterior 
end, leads into an esophagus which soon divides to form two ceca. The ventral sucker 
is found anterior to the oral sucker, its position varying with the species. Ovaries and 
testes are present. The vitellaria are usually prominent lateral structures. 

Fasciolopsis Buski. INTESTINAL FLUKE. This is a large fluke infesting the small 
intestine and producing fasciolopsiasis. Infestation is common in the Far East, particu- 
larly China. The fluke is a large oval-shaped organism, 20 to 75 mm. in length, 8 to 
Z0 mm. in width and 2 to 3 mm. thick, opaque flesh color. The oral sucker is small. 
The acetabulum is large and located just posterior to the oral sucker. The testes are 
branched and posterior. The vitelline glands are 
found along the sides of the body. 

The ova are large, 135 by 80 microns, brown 
in color, oval in shape, with a delicate operculum 
at one end. The contents are granular without a 
miracidium (Fig. 290). 

Fasciola Hepatica. Liver FLuxer. This 
fluke infests the biliary tract, 
producing fascioliasis. It com- 
monly infests sheep, other 
herbivorous animals and 
rarely man. It is about 30 
mm. in length and of an 
opaque flesh color (Fig. 
291). 

The fluke is leaf-like in 
shape, anteriorly terminating 
in a projecting cone which 
ends in the oral sucker. The 
acetabulum is located at the base of the anterior cone-like projec- 
Fig. 291. Fasciola tion. Two-branched intestinal ceca are present. The testes and ovary 

hepatica X 5. are finely branched. 


Fig. 290. Fasciolopsis buski ovum. 


Se The ova are 140 by 80 microns, operculated and similar to 
Chemical and { 
Microscopical those of F. bushi. 


Diagnosis. Cour- Clonorchis Sinensis. CHINESE Liver FLUKE, This fluke invades 
tesy of D. Ap- the ducts of the liver of man. The infestation is of importance in 
ae eed Une the Far East, particularly South China. The fluke measures 10 to 
12 mm. in length, 3 to 5 mm. in width. It tapers at the anterior end. 
Its cuticle is smooth and the fluke is almost transparent. The acetabulum is located 
one fourth of the length of the body from the anterior end. Two dilated ceca are 
found. The branched testes are located in the posterior third of the body. Lobed 
ovaries in the midportion (Fig. 292). 
The ova of Clonorchis sinensis are pale yellow-brown in color and measure approxi- 
mately 29 by 16 microns. They are operculated, contain a terminal comma-shaped 
spine and somewhat resemble an old fashioned electric light bulb. The ova contain a 
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fully developed miracidium when discharged into the bile ducts. Diagnosis is made 
upon recovery of the ova either in feces or duodenal contents. 

Opisthorchis Felineus. A liver fluke of dogs and cats, occasionally infesting man. 
A few cases are found throughout Europe and Asia. The fluke is elongated and re- 
sembles C. sinensis. It is 7 to 12 mm. in length. It is differentiated from C. sinensis by 
the posterior location of the lobed testes, one on either side of an excretory duct. 

The ova measure 30 by 12 microns, and are similar to those of C. sinensis. 

Paragonimus Westermani. Lunc Fiuxe. This infestation is of importance in the 
Far East and in Central and South America. The organism is flat, oval-shaped, reddish- 
brown in color, 12 by 6 mm. and 5 mm. in thickness. The ventral sucker is almost 
centrally located. The lobed testes are located in the posterior portion on either side 


of the excretory duct. 


Fig. 292. Clonorchis sin- 
ensis, showing internal 
structure. 


0.S., oral sucker. ph, 
pharynx. i, intestine. 
v.s., ventral sucker. ut, 
uterus. v,  vitellaria. 
OV, Ovary. S.v., vesicula 
seminalis. t, testis. ex, 
excretory duct. Bythinia 
striatula, var. japonica 
is first intermediate 
host. X 6. (From Ward, 
Abt’s Pediatrics. Cour- 
tesy of W. B. Saunders 
Company.) 


The vitellaria extend laterally along the length of the body. 


The ova are operculated, 95 by 55 microns in size. They are 
most frequently found in the sputum, but may be swallowed and 
appear in the feces. About two fifths of patients show ova in 
the feces. 

Schistosoma Haematobium. Broop FLUKE. This infesta- 
tion is principally found in parts of Africa and the Mediter- 
ranean basin. This fluke has sex differentiation, and is long and 
round in shape. The male measures 10 by 15 mm. and has a 
ventral groove in which the slender female, 20 mm. in length, 
lies. Both the male and female fluke are equipped with ventral 
and oral suckers. The male is considerably larger in diameter 
than the female 

The ova measure 140 by 55 microns in diameter, are oval 
and contain a fairly well-developed miracidium (Fig. 293). The 
ova are deposited in the venus plexus about the urinary blad- 
der. The ova work their way through the tissues, appearing in 
the urine and, in smaller numbers, in the feces. The ova are 
equipped with terminal spines. 

Schistosoma Mansoni. BLoop FLuKer. The infestation is 
chiefly confined to parts of Africa and northern South America. 
The male fluke measures 10 to 12 mm. in length, the female 12 
to 16 mm. length, and considerably less in diameter than the 
male. 

The ova are laid in the small veins of the intestine, reaching 
the feces by penetrating the wall. The ova measure 150 by 65 
microns, and contain well-developed miracidia. They are iden- 
tified by the large lateral spine (Fig. 293). 

Schistosoma Japonicum. Bioop Friuxe. This fluke is 
chiefly found in the Far East. The male measures 12 to 20 mm. 
in length, the female 15 to 26 mm. in length. The female is 
smaller in diameter than the male. 

The flukes deposit ova in the small veins of the intestine 
and they reach the feces by penetrating the wall. They are 85 


by 60 microns in size. A well-developed miracidium is contained within. A tiny easily- 
overlooked spine is present in a small percentage of ova (Fig. 293). 
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A B Cc 


Fig. 293. Ova of schistosomes. 


A, Schistosoma mansoni (blood fluke) in feces. B, Schistosoma haematobium (blood fluke) in 
urine. C, ovum of Schistosoma japonicum (blood fluke) in feces. (From Smith and Gault, Essentials 
of Pathology, 3rd ed. Courtesy of Blakiston Company.) 


METHODS FOR THE IDENTIFICATION OF THE CESTODA 

Tapeworms are flat, long, ribbon-like worms made up of a number of segments. 
The head or scolex is extremely small, about 1 mm. in diameter, and is provided with 
sucking disks, and in some species hooklets for attachment. The segments or proglottids 
develop from the head end and become progressively larger as they mature. The size 
of the worm varies according to the species. 

The proglottids are segments which are sexually mature. A tapeworm might be 
considered as a colony of flukes attached end to end, each segment representing a 
complete sexual unit, and containing both testes and ovaries. Nutrition is absorbed 
directly through the cuticle. The size of the worms varies from less than an inch to 
over 20 feet. 

Man is the ultimate or definitive host for most tapeworms, the segments and/or the 
ova being passed in the feces. These are ingested by animals or fish who develop the 
encysted larvae in their muscles. Man usually acquires the disease by eating meat or 
fish containing the encysted embryos. In rare instances he may act as the intermediate 
host, by ingesting the ova (somatic taeniasis). 

Taenia Saginata. Beer Tapeworm. T. saginata is a very common infestation of 
man, and is acquired by eating insufficiently cooked or improperly cured beef contain- 
ing the encysted embryos (Cysticercus bovis). 

The adult worm is from 10 to 25 feet in length, and contains from 1000 to 2000 
segments. The scolex or head measures from 1 to 2 mm. in diameter. It is pear-shaped, 
and has 4 sucking disks arranged around the head laterally. No rostellum or hooklets 
are present. 

Mature proglottids are longer than wide, about 14 inch wide, and contain a uterus 
with 18 to 30 lateral branches. The genital pore is lateral and irregularly alternate 
(Fig. 294). These can easily be seen by placing the segment between 2 slides and 
examining by transmitted light, with the naked eye or a hand lens. 
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Fig. 294. Segments of the three large tapeworms of man, showing arrangement of uterus. 


a, Taenia saginata. b, Taenia solium. c, Diphyllobothrium latum. X 5. (From Cammidge, The 
Feces of Children and Adults. Courtesy of William Wood & Company.) 


The ova are about 35 microns in diameter, round or oval in shape. The outer cover- 
ing (embryophore) is radially striated. Within is a hexacanth embryo, the hooklets of 
which may be recognized as 6 tiny paired lines (Figs. 295 and 296). 


Fig. 295. Ova of Taenia saginata (Benbrook) 100 and x 4U0. 


Fig. 296. Ova of helminths. 


1. Diphyllobothrium latum (fish tapeworm) in feces. 2. Taenia saginata (beef tapeworm) in feces. 
3. Taenia solium (pork tapeworm) in feces. 4. Paregonimus westermani (lung fluke) in sputum. 
5. Enterobius vermicularis (pinworm). 6. Trichuris trichiura (whipworm) in feces. 7. Necator ameri- 
canus (hookworm) in feces. 8. Ascaris luwmbricoides (roundworm) in feces. 9. Hymenolepis nana 
(dwarf tapeworm) in feces. (From Smith and Gault, Essentials of Pathology, 3rd ed Courtesy of 
Blakiston Company.) 


Fig. 296. Ova of helminths. 


693 


694 PARASITOLOGIC EXAMINATIONS OF THE FECES 


Laboratory diagnosis is made by finding the segments or rarely the ova in the 
feces. 

Taenia Solium. Pork Tapeworm. T. solium is an important tapeworm of man 
but rare in this country. Man may suffer from the infestation of both the adult form, 
or, rarely, the larval stage. 

The adult worm is 7 to 15 feet in length, and contains from 800 to 1000 segments. 
These segments are longer than they are wide. The scolex or head is globular, and about 
1 mm. in diameter, and is provided with 4 sucking disks laterally, and a rostellum, 
around which are arranged 28 hooklets. The mature proglottids contain a uterus with 
8 or 9 lateral branches. The genital pore is lateral and irregularly alternate (Fig. 296). 

The ova are practically identical with those of T. saginata. They are about 35 
microns in diameter, and brownish in color. The outer covering is radially striated. 
Within, is a small hexacanth embryo (oncosphere) with 3 pairs of hooklets. 

Diagnosis is made by finding the ova or segments in the feces (Fig. 294). When man 
is the seat of somatic taeniasis (the embryo stage) the larvae (Cysticercus cellulosae) 
may be found encysted in the muscles and other organs of the body. The encysted 
larvae measure 5 to 10 mm. in diameter, and their laboratory diagnosis is accomplished 
by examining excised bits of muscle pressed between 2 pieces of glass, as in examination 
for Trichinella spiralis, or by histologic (biopsy) examination. 

Hymenolepis Nana. Dwarr Tapeworm. This tapeworm is a very common infesta- 
tion, particularly of children. 

The adult worm is small, measuring 1 to 2 inches in length, and is made up of about 
200 segments. The scolex is very tiny, about 4 of a mm. in diameter, has 4 sucking 
disks laterally placed, and a retractile rostellum. Around it a row of from 24 to 30 
hooklets are arranged. 

The mature proglottids are less than a mm. in width. They are identified by their 
small size, 3 testes to each segment, and an irregular sac-like uterus which contains 
many ova. 

The ova are rounded or globular in shape, about 40 microns in diameter and quite 
transparent (Fig. 296). The light must be considerably reduced in order to reveal this 
ovum under the microscope. A hexacanth embryo is centrally located with 3 surround- 
ing membranes. The space between the outer (vitalline membrane) and the middle 
(embryophore) is filled with a semisolid material in which waxy, refractile filaments 
extend from each pole in a most characteristic manner. 

The diagnosis is made by finding the ova in the feces. The segments may be acci- 
dentally picked up in the microscopic examination, but are too small to be detected in 
the gross examination of the feces. 

Diphyllobothrium Latum. Fish TapEworm. This tapeworm is of importance 
chiefly in parts of the world where raw or insufficiently cooked fish is eaten, and to a 
limited degree in the United States. 

The adult worm measures from 10 to 34 feet in length, and has approximately 4000 
segments. The scolex is almond-shaped, about 2 to 3 mm. in length, and has 2 lateral 
sucking grooves. There are no rostellum and no hooklets. The mature segments may be 
identified by the rosette-shaped centrally placed uteri (Fig. 294). The segments are 
wider than they are long. The genital pore is in the middle of the segment. 

The ova are 70 by 45 microns. They are oval in shape, somewhat brownish in color, 
and have a small operculum. There is no embryo within (Figs. 296 and 297). 
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Laboratory diagnosis is established by finding the ova or rarely the segments in 


the feces. 


Echinococcus Granulosus. Doc TaPeworm. This infestation in man depends upon 
the close association between man and dogs in cattle and sheep raising countries. When 


man is infested he becomes the intermediate host 
for the parasite, the adult phase taking place in 
the dog. 

The adult worm as found in the dog is small, 
measuring 3 to 5 mm. in length, and consists of 
a head and three segments. The scolex has four 
sucking disks, a rostellum and 38 hooklets. 

The ova are spherical, about 33 microns in 
diameter, and are similar in appearance to those of 
Taenia solium and Taenia saginata. When the ova 
are ingested by man the embryos produce echino- 
coccic cysts in various organs, particularly the 
liver. 

The cyst is formed from the body of the em- 
bryo parasite. It enlarges, and by invaginations of 
the germinal layer, produces daughter cysts within. 
These develop secondary and tertiary invagina- 
tions, finally forming scolices or heads attached to 
the wall by a pedicle. The scolices have four suck- 


Fig. 297. Ova of Diphyllobothrium 
latum. 
(From Wood, Chemical and Micro- 
scopical Diagnosis. Courtesy of D. 
Appleton-Century Company.) 


Fig. 298. Scolices of Echinococcus granulosus obtained from hydatid cyst fluid. 
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ing disks and a number of hooklets (Fig. 298). Thousands are formed in each cyst. 

Diagnosis cannot be made from the feces. Diagnostic puncture of the cyst is at- 
tended with great danger of spreading the infection and of shock resulting from the 
leaking out of cyst fluid. If such puncture be made, however, the diagnosis is accom- 
plished by finding the scolices or, in old cysts where the scolices have disintegrated, 
the finding of tiny chitinous hooklets. 

Other diagnostic laboratory methods are the complement fixation, precipitin, and 
skin tests. 

Dipylidium Caninum. This tapeworm is commonly found in dogs and cats. It 
occasionally infests man. 

The adult worm is from 4 to 20 inches in length, and is made up of about 20 
segments. The scolex is about 13 mm. in diameter, has 4 sucking disks, and a retractile 
rostellum projecting from the anterior end with 3 or 5 rows of spines or hooklets. The 
mature segments are elliptical in shape, and have a genital pore on each side. 

The ova are 40 microns in diameter, slightly oval in shape, and resemble the ova 
of Hymenolepis nana, except that the hexacanth embryo is much larger, and the sur- 
rounding membranes are thus closer together. Segments usually occur in the feces but 
ova are only occasionally present. They occur in groups characteristically surrounded 
by an embryonic membrane. 


METHODS FOR THE IDENTIFICATION OF THE NEMATODA 

The sexes are separate in all the nematodes. They constitute a group of important 
infestations of man in the United States and elsewhere. 

Ascaris Lumbricoides. Common Rounp Worm oF MAN. The adult male is about 
23 cm. in length and 0.3 cm. in diameter, the female 33 cm. in length and 0.5 cm. in 
diameter. They somewhat resemble the earthworm, although not segmented. They are 
reddish or yellowish in color when freshly passed. 

Both fertile and nonfertile ova of Ascaris lumbricoides may be found in the feces. 
The fertile ova are brown or golden-brown in color and measure approximately 45 by 
75 microns. They are covered by a wrinkled, mammallated albuminous shell. Beneath 
this is a thickened, clear, transparent shell enclosing an unsegmented ovum (Figs. 296 
and 299). 

The nonfertile ova are also bile stained and brownish in color but measure 90 by 
40 microns. They have a mammallated shell that contains an irregular mass of refractile 
granules instead of the well-defined ovum of the fertilized type. 

Occasionally both the fertile and nonfertile ova may be passed into the feces with- 
out the mammallated covering. Such ova are covered simply by the thickened, clear, 
transparent shell and somewhat resemble the ova of hookworm. Laboratory diagnosis 
is made by finding the ova or parasites in the feces. 

Enterobius Vermicularis. PiNworm or SraTworm. This worm is very small, the 
female measuring from 9 to 12 mm. and the male 3 to 5 mm. When the ova are in- 
gested they hatch in the upper intestine and develop into adults in the cecum and colon. 
The gravid females, during the night, descend to the rectum, deposit their ova in the 
perianal folds, and die. 

The females have a long straight pointed tail. The males have a ventral curve, the 
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tail showing a spiculum near the end. Both have a prominent bulbous esophagus. In 
the female the anus opens at the junction of the middle and posterior third of the body. 
The vulva opens at the junction of the anterior and middle third. In the male the anus 
opens just posterior to the spine in the tail. When the worm is mature the whole body 
appears filled with ova. 

The ova are colorless, oval with one side flattened, measuring 50 microns long by 
25 microns wide. Within the shell, when deposited, is a partially developed embryo 
folded upon itself (Fig. 296). 

Diagnosis is made by examining the scrapings from the perianal region for ova or 
adult worms, using either the N.I.H. swab or scotch tape method. 


Fig. 299. Ova of Ascaris lumbricoides (Benbrook) 100 and x 400. 


The National Institutes of Health cellophane swab (Fig. 300) consists of a small 
square piece of cellophane (22 mm.) wrapped about the tip of a glass rod and held in 
place with a rubber band. Small cut portions of hemacytometer tubing is excellent for 
this purpose. The prepared swab is inserted into a perforated rubber stopper and placed 
in a test tube to prevent loss of material after collection and to protect the handler 
from accidental infestment. The swab is used with a firm stroking motion, directed 
outward from the anal opening, parallel to and entering the folds of skin of the entire 
perianal region. The best time for swabbing is early morning before defecation and 
bathing. 

Jacobs (J. Pediat., 1942, 21:497) has obtained excellent results in the diagnosis of 
pinworm infections by utilizing scotch tape. The tape is placed adhesive side out on 
the end of a wooden tongue blade. In swabbing the perianal and perineal skin, the tape 
is held on the blade by the index finger and thumb. The scotch tape is then placed on 
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a microscopic slide with the adhesive side down and examined with the low power and 
high-dry objectives for ova. A modified procedure using scotch tape is as follows: 

1. Place a piece of scotch tape 414 inches long on a microscopic slide with the 
adhesive surface down so that the entire upper surface and 4 inch of the under surface 
of the slide is covered with the tape. 

2. At the free end of the scotch tape on the upper surface of the slide make a one- 
half inch tab by adhering the two adhesive sides. 

3. When ready for use, by means of the tab, remove the tape from the upper sur- 
face of the slide and turn the tape so that the smooth surface is beneath the slide. 

4. Swab the perianal and perineal skin and then by means of the tab turn the 
scotch tape so that the adhesive surface is now on the slide. 

5. Examine under the low power objective for the characteristic 
pinworm ova. 

Ancylostoma Duodenale. Orp Wortp Hooxworm. This hook- 
worm is found in the southern part of the United States and other 
parts of the world. 

The adult is cylindrical in shape with the head bent dorsally, 
giving the appearance of a hook; thus the name, uncinaria. 

The armature of the buccal cavity consists of 4 claw-like ventral 
teeth and 2 knob-like dorsal plates. The female measures 12 to 15 mm. 
long. The posterior end is bluntly pointed. The vulva is situated at 
the juncture of the middle and posterior third of the body. The male 
measures 8 to 10 mm. long, the posterior end expanding into an um- 
brella-like pouch (copulatory bursa). Within the bursa 2 small fine 
copulatory spicules can be seen with a low power lens. 

The ova are 60 to 70 microns in length, about 30 microns in width, 
oval in shape, and colorless. Within a thin-walled transparent shell 
the protoplasm is divided into 2, 4 or 8 cells. In freshly passed feces 
Fig. 300. The Na- it is rare to find more than 4 cells. Embryos are never found in the 

tional Insti- feces. 
tutes of Health Although the embryos are never found in the freshly passed feces, 
Ser nnn: if the specimen is not examined the embryos may hatch in 24 to 48 
lecting Entero- hours. The ova likewise may contain more than 4 or 8 cells. Therefore, 
bius ova. the importance of immediately examining the fresh feces. 
Wee ee The rhabditiform larvae measure from 0.25 mm. to 0.5 mm. and 
ocnoes by have a prominent bulbous esophagus. They may be differentiated 
Laboratory Ex- from those of Strongyloides stercoralis by the length of the buccal 


aminations, 2nd cavity. The filariform larvae of S. stercoralis are differentiated from 
ed. Courtesy of 


Appleton-Cen- those of hookworm by the presence of a notched tail. 
tury-Crofts, The diagnosis is made by finding the ova in the feces by (a) 
Inc.) 


direct smear, (D) concentration methods, or (c) demonstration of 
the embryos by culturing the feces. 

Necator Americanus. New Wortp Hooxworm. Necator americanus is common 
in South and Central Africa, subtropical America, southern United States and West 
Indies. It is similar to Ancylostoma duodenale but smaller. The female measures 9 to 
11 mm., the male 7 to 9 mm. 
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The buccal armature consists of 4 central small chitinous plates and 2 well-de- 
veloped semi-lunar dorsal plates. In the middle of the dorsal wall of the buccal cavity 
is a prominent conical tooth-like structure. 

The vulva is anterior to the middle of the body in the female. The male has a copu- 
latory bursa, somewhat similar to Ancylostoma duodenale, except that the dorsal rays 
are deeply divided, and only 1 spicule is present. 

The ova are similar to those of Ancylostoma duodenale, but slightly larger, 70 by 
40 microns (Figs. 296 and 301). 


Fig. 301. Ova of Necator americanus (Benbrook) x 100 and x 400. 


The rhabditiform larvae are similar to A. duodenale. Diagnosis is the same as for 
Ancylostoma duodenale. 

Strongyloides Stercoralis. The geographical distribution of this parasite is much 
the same as the hookworm. The adult females inhabit the intestine. The females only 
have been demonstrated. 

The ova of S. stercoralis (Fig. 302) hatch in the intestinal wall. Rhabditiform 
larvae are formed and it is these and not the ova that are passed into the feces and 
upon which the diagnosis of strongyloidiasis is made. 

The rhabditiform larvae measure 250 to 500 microns by 15 to 24 microns. They 
are differentiated from hookworm larvae by the length of the mouth cavity. The length 
is one-half the width of the body measured at the posterior end of the cavity. In the 
hookworm it is much larger, being as long as the entire diameter of the larvae measured 
at the end of the buccal cavity. 

Trichocephalus Trichiura. TricHuris Tricuiura. The whipworm is one of the 
more common intestinal infestations, having a wide geographical distribution. It is 
called the whipworm because of the appearance of the adult, the thick posterior 7% 
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resembling a handle, the remaining anterior portion being slender and lash-like. It is 
chiefly found in the cecum. The male measures from 3 to 4 cm. in length, the female 
from 3 to 5 cm. 


Fig. 302. Ova of Strongyloides stercoralis (Benbrook) > 100 and x 400. 


The ova measure 52 by 23 microns, and are very characteristic. They are brown in 


color, and have an inner and outer shell, with a transparent area between, and two 
knob-like structures at either pole (Fig. 303). 


Fig. 303. Ova of Trichuris trichiura (Benbrook) > 100 and x 400. 
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MACROSCOPIC AND MICROSCOPIC METHODS FOR ADULT 
HELMINTHS 


1. Place the entire stool specimen in a suitable receptacle, and add a sufficient 
amount of tap water to make it fluid. 

2. Thoroughly mix water with the stool, and pass through a suitable screen (No. 
20) to remove fluid. If the fecal matter has been properly broken up, most of it will 
pass through, leaving the worms or segments on the screen. 

3. The material from the screen is now transferred to a clean shallow glass dish 
or tray (preferably with a black bottom) containing salt solution or tap water. Against 
this black background the parasite may easily be seen by the unaided eye. It may be 
necessary to wash and screen a second time in order to free the parasites from the fecal 
material. 

4. The parasite or segment may now be placed on a microscopic slide, covered with 
a coverglass, and examined with the naked eye or low power scope. 


Fig. 304. Apparatus for the recovery of the heads of tapeworms. 
(From Todd and Sanford, Clinical Diagnosis by Laboratory Methods. Courtesy of W. B. Saunders 
Company.) 


In examining tapeworm segments and flukes, it is desirable to cover with a second 
micro slide in place of a coverglass. By pressing the two together the specimen may 
be flattened, making it less opaque and thus better revealing the anatomical structure 
within. 

Clearing the specimen with carbol-xylol (25 per cent phenol crystals and 75 per 
cent xylol) will also aid. 

5. The specimen is best examined for internal structure by transmitted light. For 
details of the cuticle, or in the examination for scolices of tapeworms (to show hook- 
lets and suckers) direct illumination or a combination of the direct illumination and 
transmitted light will be found advantageous. 

6. In examining tapeworms for the head or scolex, the following procedure will be 


found useful: 


702 PARASITOLOGIC EXAMINATIONS OF THE FECES 


Arrange a second tray or basin containing tap water, adjacent to the one contain- 
ing the specimen, which has been obtained by washing and screening; see paragraphs 
1, 2,3 and 4 (Fig. 304). 

7. Using 2 glass rods (about 8 inches long) as fingers, feed the tapeworm into the 
adjacent receptacle, beginning with the larger segments and working toward the 
smaller. 

8. Proceed in this way until the end of the worm or section thereof is reached. 
Examine with a lens to determine if the head is present. If not, proceed with other 
segments until all have been removed from the receptacle. 

9. Carefully examine any remaining material in the tray for the presence of the 
head or scolex. 

The head is very tiny, about the size of a pinhead (1 mm.), the neck and adjacent 
segments scarcely larger than a heavy thread. They can be easily overlooked if great 
care is not exercised. 

The finding of the head is of paramount importance to the clinician since the worm 
will continue to grow as long as the head remains in the intestine. 


METHODS FOR THE PRESERVATION OF PARASITES AND OVA 


Preservation of Worms. TaPpEworms, CrEsTopEs. 1. Wash the worm free from 
fecal material and allow to remain an hour or two in fresh clean tap water. 

2. After washing, place in 10 times its volume of 3 per cent formaldehyde. 

3. After 24 hours the formaldehyde should be changed for permanent storage. 

FLuKrs, TREMATODES. 1. Wash free from fecal material, and place in 3 per cent 
formaldehyde. 

2. Better results may be obtained by placing the fluke between 2 slides to flatten 
out, holding the slides together with rubber bands at each end. The slides containing 
the specimen are then immersed in 3 per cent formaldehyde for 2 hours, after which 
the slides may be removed and the flattened specimens placed in 3 per cent formalde- 
hyde. 

Rounpworms, Nemartopes. 1. Roundworms should be washed free from the feces, 
and at once placed in salt solution, since tap water will cause them to swell up and 
burst. They should be killed by placing in hot (70° C.) 3 per cent formaldehyde. 

2. After they have been killed, by a few minutes’ exposure to the hot formaldehyde, 
they are placed in 70 per cent alcohol for preservation. 

Preservation of Ova. The method of Blacklock and Southwell is as follows: 1. 
Take a small quantity of feces (about 1 cm. in diameter) and mix with sufficient tap 
water to produce a semisolid consistency. 

2. Add about 200 ml. of 10 per cent formalin (about 90° C.). Mix thoroughly by 
stirring. Allow to sediment for several hours. 

3. Decant overlying, supernatant fluid, and add 200 ml. of 10 per cent formalin to 
the sediment. 

By this method worms, ova, larvae and intestinal protozoa are fairly well preserved. 
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METHODS FOR PARASITOLOGIC EXAMINATIONS 
OF THE BLOOD AND TISSUES 


Epwin S. Gautt AND ANTHONY J. LAMBERTI 


METHODS OF EXAMINATION FOR MALARIAL PLASMODIA 


Principles. 1. Malaria is a disease due essentially to the invasion of erythrocytes 
by protozoa belonging to the genus Plasmodium. Four species are of importance: 
Plasmodium vivax, producing tertian malaria, with paroxysms recurring every 48 
hours; Plasmodium malariae, producing quartan malaria, with paroxysms recurring 
in 72 hours; Plasmodium falciparum, producing “malignant” tertian or estivo-au- 
tumnal malaria, with paroxysms recurring irregularly; and Plasmodium ovale, a tertian 
form of the parasite. 

2. Final proof of malaria always depends upon finding the plasmodia or their pig- 
ments in the blood. In their absence the correctness of the diagnosis is open to 
question. 

3. The parasites are most numerous in the blood during a paroxysm, but they may 
be found at other times and examinations should be made without any special refer- 
ence to the occurrence of paroxysms. 

4. Blood examinations are also of great value as criteria of cure; all gametocytes 
should be removed by treatment. 

5. The life cycle of the parasites consists of a sexual phase, taking place in the 
body of a mosquito (anopheles), and an asexual phase chiefly within the erythrocytes 
of man. 

6. LaBporAtory DrAGNosis consists of the examination of (a) thin stained smears 
of blood, () thick stained smears of blood, (c) stained smears of blood after con- 
centration, (d) stained smears of material secured by sternal or organ puncture in 
chronic malaria, and (e) cultures of the blood (usually omitted in routine examina- 
tions). Thin and thick blood smears are usually sufficient. 

Blood Smears. Thin and thick blood smears are used in establishing a laboratory 
diagnosis of malaria. Thin blood smears are excellent for studying the morphologic 
characteristics of the species of plasmodia, while thick blood smears are primarily 
used in establishing a laboratory diagnosis of the disease. Since the thick blood smear 
method is a concentration procedure, it is excellent for finding malarial parasites in 
both sparse infections and cases of chronic malaria where the number of parasites 
in the peripheral blood are comparatively few. Thick blood smears are widely used in 
malaria survey studies. Experienced workers may also establish a species diagnosis 
of malaria solely on the basis of thick blood smear findings. Thick blood smears give 
a concentration of the plasmodia 25 to 50 times greater than in thin blood smears. 

Preparation of Glassware. Slides should be free of scratches, clear, noncorroded 
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and free from grease, acid or alkali. They should be cleaned in either a solution of 
calgonite or haemo-sol. Following cleaning in either of these solutions, the slides are 
rinsed several times in distilled water, dipped in 95 per cent alcohol, dried with a 
lint-free cloth, and placed in slide boxes for future use. The dried slides may also be 
wrapped in toilet tissue for storage. 

Coplin jars, staining dishes and other glassware should be chemically clean. 

Preparation of Thin Blood Smears. 1. These are prepared in the same manner as 
for differential leukocyte counts, except that care is exercised to produce smears suffi- 
ciently thin to give good separation of the red blood cells. 

2. Clean with cotton and alcohol the area of skin to be punctured. 

3. Dry the area with cotton or gauze, making sure that no alcohol remains on 
the skin. 

4. Prick the skin sufficiently to permit the blood to well up without exerting too 
much pressure but not deeply enough to cause excessive bleeding. 

5. Place a small drop of blood on one end of a slide. 

6. Holding a second slide lightly at a 45 degree angle touch the drop and allow 
it to spread by capillarity. 

7. Pull the drop of blood toward the other end of the slide. Slides thus prepared 
will produce excellent separation of the red blood cells and facilitate examinations 
for plasmodia. 

8. With a pencil or other device properly label the slide. 

Preparation of Thick Blood Smears. These may be prepared by several methods. 

1. In the first method, using the under-surface of a clean slide, touch the top of 
the drop of blood. 

2. Without losing contact with the drop of blood and without touching the skin, 
move the slide in a circular manner spreading the blood over an area about the size 
of a dime. 

3. Place the slides in a vertical standing slide box for drying. 

4. In the second method place 4 average sized drops of blood on a slide approxi- 
mately half an inch apart. 

5. With a corner of a slide puddle the four drops of blood together. 

6. These smears should not be so thick that they peel off during the drying or 
staining process. 

7. A satisfactorily prepared thick blood smear is several layers of red blood cells 
in the center and a thinner area of a single layer of red cells at the periphery. If the 
slide is well made ordinary printing may be seen through the wet center of the smear. 

8. Thin and thick blood smears should be placed in a box to prevent contamina- 
tion with dust and insects, such as flies and cockroaches. 

Giemsa Method of Staining Blood Smears. This method is preferred for the 
demonstration of malarial parasites, especially in thick blood smears. The lot of 
Giemsa stain used should be certified by the Commission for the Standardization of 
Biological Stains and prepared in accordance with the directions of the manufacturer. 
For use 1.0 ml. of the stock Giemsa stain is diluted with 50 ml. of buffered water 
having a pH of 7.0 to 7.2. 

BurFrereD WATER. A phosphate bufiered water having a pH of 7.9 to 7.2 should 
be used for the dilution of the stock Giemsa stain and for rinsing the stained slides. 


METHODS OF EXAMINATION FOR MALARIAL PLASMODIA 705 


1. Dissolve 9.5 gm. of disodium phosphate in 1000 ml. of distilled water. 
2. Dissolve 9.07 gm. of potassium acid phosphate in 1000 ml. of distilled water. 
3. From the buffered water a pH of 7.0 to 7.2 is prepared as follows: 


pH Na,HPO, KH,PO, Distilled water 
7.0 6.11 ml. 3.89 ml. 90.0 ml. 
ted 7.20 ml. 2.80 ml. 90.0 ml. 


Thin Blood Smears. 1. After the thin blood smears have dried, immerse in abso- 
lute methyl alcohol (acetone-free) for several minutes. 

2. Drain and place in diluted Giemsa stain for 45 minutes. 

3. Remove from stain and place in buffered water for 3 to 5 minutes. The slides 
are then removed, placed on end on a piece of blotting paper, and allowed to dry. 
Examine the films with the oil immersion objective. 

4. The smears should be well stained for satisfactory results. The nuclear chromatin 
should stain garnet or ruby red and the cytoplasm a delicate sky blue, thus contrasting 
the reddish-purple nuclei of the leukocytes and thrombocytes (platelets). 

5. Wright’s stain may also be used. The technic is the same as used in staining 
blood smears for differential leukocyte counts. 

6. Malaria plasmodia are in the erythrocytes, and no object should be considered 
as a probable plasmodium unless it is so situated. 

7. Great care should be exercised to avoid mistaking the blood platelets acciden- 
tally superimposed upon red cells for malarial parasites. These platelets are frequently 
surrounded by an unstained halo. Precipitated stain, dirt or bacteria may constitute 
other sources of error. 

8. Precipitated stain granules may be removed by immersing the slide for a 
second or two in 95 per cent alcohol and immediately washing with distilled water. 

Thick Blood Smears. 1. Dehemoglobinize and lyse the smears in distilled water 
for 1 or 2 minutes. 

2. Place in the diluted Giemsa stain. Since Giemsa stain is a hypotonic solution 
lysis of nonfixed red blood cells will occur if the dry thick smears are placed directly 
into the diluted stain. 

3. Stain the smears for 45 minutes and then place them in buffered water for 3 
to 5 minutes. 

4. Allow the slides to air dry by placing them on end on a piece of absorbent 
paper. Thick blood smears should never be blotted dry. 

5. Examine the preparations with the oil immersion objective. 

6. Thick blood smears may be stained with Wright’s stain if the blood smears are 
first lysed with water. 

7. Malarial parasites observed in thick blood smears generally have much the 
same appearance as in thin blood smears. However, the loss of the red blood cell, due 
to lysis or dehemoglobinization, causes considerable distortion of the plasmodia and 
makes their identification somewhat difficult. As in thin blood smears the appearance 
of red chromatin, pale blue cytoplasm and black or brown pigment identify the 
plasmodia. 

Rapid Staining Method. Michelson and Wilcox (Pub. Health Rep., 1940, 
55:1221) have devised a rapid staining method for the demonstration of malarial 
parasites. The technic is as follows: 
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1. Prepare Wright-Giemsa stain according to the following formula: 

(a) Dissolve 2 gm. Giemsa stain in a 100 ml. of glycerine (C.P.) by heating the 
mixture in a water bath at 55° C. to 60° C. for 2 hours. Keep the flask or bottle 
covered with a double thickness of paper held by a rubber band during the heating 
process. 

(b) At intervals remove the flask from the water bath and mix the contents with 
a glass rod. 

(c) Add 100 ml. of Wright’s stain (aged solution of 2 gm. Wright’s powder dis- 
solved in 1000 ml. methyl] alcohol). 

(d) Let stand overnight and add. 800 ml. of aged Wright’s solution. 

(e) Filter and use. 

2. Dry the thick blood smears. 

3. Prepare Wright-Giemsa solution by mixing 1 part of stain and 9 parts of neutral 
distilled water. 

4, Stain blood smears for 10 minutes. 

5. Remove scum from top of staining utensil with neutral water. 

6. Remove slides and place in neutral distilled water for 1 minute. 

7. Dry and examine smears with the oil immersion objective. 

Concentration Method of Bass and Johns. 1. Draw 10 ml. of blood from a vein 
and place in a tube carrying 0.2 ml. of the following solution: 


Sodiumacitratery.ces che wiscaeetery ostosrm ences tone saree saloceercks 5 gm. 
TD OXtrOSE Foye ERE eevee travel clare Mele ale ehetemeleretererstaispae 5 gm. 
Watera(distilled.) eo. .ee eke seem tec eireGg ete cerns 10 ml. 


Dissolve with aid of heat. 


2. Divide the blood between 2 centrifuge tubes and centrifuge at high speed 
(2500 r.p.m.) for the proper length of time (about 5 minutes for a centrifuge with a 
radius of 18 cm.). 

3. With a capillary pipet remove the supernatant plasma. Then carefully skim 


Plate XX. Plasmodium vivax. 


. Normal sized red cell with marginal ring form trophozoite. 
. Young signet ring form trophozoite in a macrocyte. 
. Slightly older ring form trophozoite in red cell showing basophilic stippling. 
. Polychromatophilic red cell containing young tertian parasite with pseudopodia. 
. Ring form trophozoite showing pigment in cytoplasm, in an enlarged cell containing 
Soniiner s stippling. This stippling does not appear in all cells containing the growing and older forms 
of P. vivax, but it can be found with any stage from the fairly young ring form onward. 
6, 7. Very tenuous medium trophozoite forms. 
8. Three ameboid trophozoites with fused cytoplasm. 
9, 11, 12, 13. Older ameboid trophozoites in process of development. 
10. Two ameboid trophozoites in one cell. 
14. Mature trophozoite. 
15. Mature trophozoite with chromatin apparently in process of division. 
16, 17, 18, 19. Schizonts showing progressive steps in division (“presegmenting schizonts”). 
20. Mature schizont. 
21, 22. Developing gametocytes. 
23, Mature microgametocyte. 
24. Mature macrogametocyte. 


(From Aimee Wilcox, Manual for the Microscopical Diagnosis of Malaria in Man, Bulletin No. 
180, 1942. Courtesy of the National Institutes of Health.) 
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off the grayish layer of leukocytes and parasites and place in a tube about 12 cm. long 
with an inside diameter of about 0.5 cm. (made from ordinary glass tubing). Add an 
equal volume of plasma. 

4. Mix and centrifuge as before. 

5. With a capillary pipet draw off the “cream.” Mix by forcing in and out upon 
a slide. Then draw into the pipet and seal the tip in a flame. Nick with a file and 
break off above the blood column. 

6. Place this slender tube in the centrifuge and centrifuge again as before. 

7. The leukocytes will form a grayish layer upon the surface of the sediment. 
This and the upper portion of the erythrocyte layer contain the parasites. 

8. Nick with a file and break off the capillary tube at a point 1 to 2 mm. below 
the bottom of the leukocyte layer. 

9. With a capillary pipet, the stem of which will pass inside the capillary tube, 
remove the small amount of red cells and leukocytes together with a little plasma. 

10. Mix well, make smears on slides, and stain with Wright’s stain in the usual way. 

11. Best results are obtained with estivo-autumnal crescents and adult tertian and 
quartan parasites. Very young parasites do not concentrate as well, if at all. 

Aspiration Methods. Although splenic puncture may reveal more than 90 per 
cent of infections, the procedure is accompanied with considerable risk. For this reason 
many malarial workers prefer liver puncture. The results obtained by bone marrow 
puncture are comparable to liver puncture and the procedure is quite safe. 

Culture Method of Bass and Johns. This method is usually successful in culti- 
vating 3 or 4 generations of the malarial plasmodia. Its chief use is as a control on 
treatment, since positive cultures may be obtained when blood films are negative. 

1. Place 10 ml. of blood secured aseptically by venipuncture in a test tube con- 
taining 0.1 ml. of a 50 per cent solution of glucose. 

2. Defibrinate the blood with a sterile wire or glass rod. 

3. Transfer the defibrinated blood to several narrow sterile test tubes to a depth 
of about 2.5 cm. and centrifuge until there is about 1.2 cm. of serum above the cells. 

4. Incubate at 37 to 39° C. The parasites develop in the thin upper layer of 
cells just below the clear serum. Those in the deeper lying cells die. To observe de- 
velopment, red cells from the upper layer are drawn up with a capillary pipet. Thin 


Plate XXI. Plasmodium malariae. 


1. Young ring form trophozoite of quartan malaria. 

2, 3, 4. Young trophozoite forms of the parasite showing gradual increase of chromatin and 
cytoplasm. 

5. Developing ring form trophozoite showing pigment granule. 

6. Early band form trophozoite—elongated chromatin, some pigment apparent. 

7, 8, 9, 10, 11, 12. Some forms which the developing trophozoite of quartan may take. 

13, 14. Mature trophozoites—one a band form. 

15, 16, 17, 18, 19. Phases in the development of the schizont (“presegmenting schizonts”). 

20. Mature schizont. 

21. Immature microgametocyte. 

22. Immature macrogametocyte. 

23. Mature microgametocyte. 

24. Mature macrogametocyte. 


(From Aimee Wilcox, Manual for the Microscopical Diagnosis of Malaria in Man, Bulletin No. 
180, 1942. Courtesy of the National Institutes of Health.) 
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wet or thin stained films are prepared and examined. Should more than one generation 
be desired the buffy layer of leukocytes must be carefully removed and the erythrocytes 
placed in fresh serum. Only the parasites in the erythrocytes escape phagocytosis. 
Sinton, following the same general method (Indian J. M. Research, 1922, 102203.) 
has developed a more refined but more complicated technic, using sealed capillary 
pipets incubated at 35 to 38° C. 

Species Identification of Plasmodia. PLASMODIA VIVAX (TERTIAN MALARIA). The 
erythrocytes are larger than normal and palely stained (Plate XX). 

The young parasite is about % of the diameter of the infected cell. It somewhat 
resembles a signet ring, the chromatin mass (staining red) representing the signet or 
stone; the peripheral (blue staining) cytoplasm, the band; with a clear unstained 
vacuole forming the center. 

The growing parasite or trophozoite is irregular in shape and may show vacuoles, 
one or more chromatin masses, and even scattered pigment. The red cell may show 
Schiffner’s dots, which are tiny and pale pink in color. 

The segmenting parasite, the schizont, fills the cell. It shows 12 to 24 chromatin 
masses, each surrounded by a mass of blue cytoplasm (merozoite). They are arranged 
irregularly. The fine granular pigment is aggregated in a mass and is usually eccen- 
trically situated in the red cell. 

The sexual forms (macro and microgametocyte) fill the cell almost completely, 
are round or oval, having a deep blue cytoplasm, large mass of chromatin and con- 
siderable pigment. 

In tertian malaria, any of the forms just described may be found in a single smear 
of the peripheral blood, although one of the forms will probably predominate. 

PLASMODIUM MALARIAE (QUARTAN MALARIA). In quartan malaria, the parasitized 
red cells are normal in size and color (Plate X XI). 


Plate XXII. Plasmodium falciparum. 


1. Very young ring form trophozoite. 
2. Double infection of single cell with young trophozoites, one a “marginal form”. the other 
“signet ring” form. 
3, 4. Young trophozoites showing double chromatin dots. 
5, 6, 7. Developing trophozoite forms. 
8. Three medium trophozoites in one cell. 
9. Trophozoite showing pigment, in a cell containing Maurer’s spots. 
10, 11. Two trophozoites in each of two cells, showing variation of forms which parasites may 
assume. 
12. Almost mature trophozoite showing haze of pigment throughout cytoplasm. Maurer’s spots in 
the cell. 
13. Aestivo-autumnal “slender forms”’. 
14. Mature trophozoite, showing clumped pigment. 
15. Parasite in the process of initial chromatin division, 
16, 17, 18, 19. Various phases of the development of the 
20. Mature schizont. 
21, 22, 23, 24. Successive forms in the development of the 
peripheral circulation. 
25. Immature macrogametocyte. 
26. Mature macrogametocyte. 
27. Immature microgametocyte. 
28. Mature microgametocyte. 


schizont (“presegmenting schizonts”). 


gametocyte—usually not found in the 


(From Aimee Wilcox, Manual for the Microscopical Diagnosis of Malaria in Man, Bulletin No 
180, 1942. Courtesy of the National Institutes of Health.) 


PLATE XXII 


WAEZ DEMOMEF 


See description of this plate on opposite page. 
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The young parasite or ring is composed of a large chromatin mass, a central un- 
stained vacuole, and a heavy rim of blue-staining protoplasm. The diameter of the 
young trophozoite is about 1% of the diameter of the red cell. 

The growing parasite is typically elongated or band-like (band forms) made up of 
blue cytoplasm with irregular and elongated red-staining chromatin masses. The pig- 
ment is coarse, dark brown in color and scattered throughout. The diseased red cells 
do not show Schiiffner’s dots. 

The mature parasite, or schizont, practically fills the cell, showing 6 to 12 chromatin 
masses, each surrounded with a blue cytoplasm. Their arrangement resembles a rosette. 
Coarse pigment is centrally located. 

The sexual forms are similar to those of P. vivax. The pigment, however, is coarser. 

In quartan malaria any or all of the forms just described may be present in a single 
smear of the peripheral blood. 

PLASMODIUM FALCIPARUM (ESTIVO-AUTUMNAL MALARIA). The diseased red cells 
in this infestation may be smaller than normal and at times distorted (Plate XXIT). 

The young parasites or ring forms are very delicate, with a small chromatin dot, 
a central vacuole, and a delicate blue-staining peripheral ring-like cytoplasm. It is 
typical for two or more parasites to be seen in the same cell. (This may also occur in 
P. vivax but is rare in P. malariae.) Some of the rings may have more than one 
chromatin dot. 

The growing parasite or trophozoite and the mature parasite or schizont are only 
found in the peripheral blood in overwhelming infections. 

The sexual forms are very characteristic. The female (macrogametocyte) is 
crescent-shaped, pale blue in color with the ends slightly pointed. A large mass of 
chromatin and pigment is compactly arranged near the center. The red cell is deformed 
and very pale. The male (microgametocyte) is crescent or sausage shaped, of a blue 
gray color, with considerable chromatin, and pigment near the center arranged more 
diffusely. 

In estivo-autumnal malaria smears of the peripheral blood will show only the 
rings and the crescents. 

PLASMODIUM OVALE. This species of malaria has some morphologic features com- 
mon to both P. vivax and P. malariae. It is round or ovoid in appearance and, unlike 
P. vivax, constantly possesses Schiffner’s dots. These dots are also found in the early 
ring stage of the parasite. In the mature schizont the number of merozoites found in 
the rosette simulates the number found in P. malariae but, in contradistinction, the 
parasitized cell is greatly enlarged. 

The important differentiative characteristics of the three common species of 
malaria as found in peripheral blood are summarized in Table 40. 

Henry’s Melano-Flocculation Test. This test depends upon changes in the serum 
proteins, especially an increase of euglobulin. It gives a high percentage of positive 
reactions in malaria, but at times is positive in syphilis and other diseases. The technic 
is as follows: 

1. Prepare an antigen from the choroidal melanin of the ox-eye in distilled water 
containing 0.005 per cent formaldehyde and of such opacity that a 1:10 dilution will 
correspond to an optical density of 48 to 49 photometric degrees. 

2. Mix 1 part of serum with 4 parts of antigen in a stoppered test tube and incu- 
bate at 37° C. for 3 hours. 
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TABLE 40. DIFFERENTIATION OF MALARIAL PLASMODIA. 


P. vivax 


P. malariae 


P. falciparum 


1/3 diameter of red 
blood cell. 


Size of ring 


1/3 diameter of red 
blood cell. 


1/5 diameter of red 
blood cell. 


Size of parasitized cell] Enlarged. 


Normal. Normal or smaller. 


Schtffner’s dots Present. Absent. Absent. 


Absent. Absent. Present. 


Coarse and granular 
centrally located. 


Fine and granular, ag- 
gregated in mass; 
usually eccentric. 


Common. Rare. 


infestation 


6 to 12 merozoites; 
average 7-8. 


12 to 24 merozoites; 
average 18-20. 


Gametocyte Round or ovoid. Round or ovoid. Crescent-shaped. 


3. Allow the tube to stand at room temperature for 30 minutes. 

4. Distinct flocculation of the melanin indicates a positive reaction, provided the 
serum and antigen controls are clear. 

5. Because of the difficulty of reading weakly positive reactions the use of a 
photometer for estimating the optical density is advised. Under these circumstances 
1 to 12 degrees is regarded as negative, 13 to 18 doubtful, 19 to 100 positive for 
malaria. 

Otherwise the tyrosin colorimetric test of Proske and Watson (U. S. Pub. Health 
Rep., 1939, 54:158) to measure euglobulin may be employed. It is based on the fact 
that proteins possess a chromogenic property which can be measured quantitatively 
against the color produced by pure tyrosin in the presence of a phenol reagent. 


METHODS OF EXAMINATION FOR TOXOPLASMA GONDII 

The disease toxoplasmosis is caused by Toxoplasma gondii, a parasite regarded 
as a protozoan, but its true biologic classification has not been definitely established. 
Infections with toxoplasma have been reported in mammals, birds and _ reptiles. 
The mode of infection in both man and animals is not definitely known, but transmis- 
sion of the disease by means of insect vectors, droplet infection or contact with infected 
excreta have been suggested. The finding of immune bodies in mothers of infants 
developing the disease indicates the possibility of a transplacental route. 

The disease may occur in both children and adults. In children the infection is 
usually characterized by a meningo-encephalitis. There may be evidence of mental 
retardation, bilateral chorioretinitis and hydrocephalus. In the adult, the disease is 
characterized primarily by pulmonary symptoms with extensive pneumonitis. Other 
organs and tissues, however, may be involved. 
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Morphologically 7. gondii, in fresh and air-dried preparations, appear as curved 
or crescentic organisms measuring 4 to 7 microns in length by 2 to 4 microns in width 
and have pointed extremities. The nucleus is eccentrically situated and in Giemsa 
or Wright’s stain preparations appears as a red mass of chromatin. The cytoplasm 
stains blue. A smaller, reddish staining mass, called the paranuclear body, is located 
at the opposite end. In tissue section, fixed with formaldehyde, the organisms appear 
smaller and slightly altered. These organisms may occur singly, in pairs or cluster of 
5 to 40 (pseudocysts), particularly in the cells of the reticulo-endothelial system. In 
Giemsa or hematoxylin-eosin stained preparations, it is primarily the finding of pseudo- 
cysts which establishes the diagnosis. Biologically the differential diagnosis includes 
leishmania, sarcosporidia and histoplasma. 

Laboratory Diagnosis. The laboratory diagnosis of toxoplasmosis may be es- 
tablished by (1) direct and histologic microscopic examination of Giemsa or hema- 
toxylin and eosin stained preparation of such tissue as brain, blood, bone marrow or 
spinal fluid, and the demonstration of the typical parasite. 

2. Intracerebral inoculation into white mice. For this procedure young mice should 
be used. Briefly the technic is as follows: (a) carefully anesthetize the mouse with 
ether. (4) Pierce the calvarium and inject intracerebrally 0.01 to 0.02 ml. of blood, 
spinal fluid or macerated tissue (in saline), using a tuberculin syringe equipped with 
a 26 or 27 gauge, quarter inch needle. (c) The infection in the mouse is accompanied 
by few signs and symptoms, and may show a prolonged course. Unless death occurs 
earlier animals should be observed for a period of 4 months and then autopsied. (d) 
Remove the brain, prepare impression smears and histologic sections. (e) Stain these 
with Giemsa blood stain and search for the typical crescentic bodies, or in tissue 
sections the pseudocyst. 

3. Cultivation in chick embryos is similar to procedure followed in rickettsiae. 

4. Neutralizing antibody (Proc. Soc. Exper. Biol. & Med., 1942, 51:6), comple- 
ment fixation test (Proc. Soc. Exper. Biol. & Med., 1942, 51:11), skin test (Proc. Soc. 
Exper. Biol. & Med., 1948, 68:634) and the slide test of Sabin and Feldman (Science, 
1948, 108:660) are also helpful diagnostic procedures. 
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Principles. 1. The filaria of medical importance are Wuchereria bancrofti and 
Wuchereria malayi, producing respectively Bancroft’s filariasis and filariasis malayi; 
Onchocercus volvulus, causing onchocerciasis (blinding filarial disease); Loa loa, 
producing loaiasis (eye worm disease of Africa); and Mansonella ozzardi and 
Acanthecheilonema perstans, which in man, show little pathology and few, if any, 
symptoms. 

2. In infestments due to W. bancrofti and W. malayi laboratory diagnosis is based 
upon finding the microfilariae in the blood during the night and especially between 
10 p.m. and 2 A.M. In A. perstans and M. ozzardi infestments the microfilariae occur- 
ring in the blood are nonperiodic. 

3. Onchocerciasis is due to infestment with Onchocerca volvulus. Laboratory diag- 
nosis is based upon the finding of microfilariae or adult worms in material aspirated 
from suspected tumors or in tissue removed by biopsy. 

4, Loaiasis is due to infestment with Loa doa. Laboratory diagnosis is based upon 
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finding microfilariae in the blood during the day or by the recovery of adult worms 
from the conjunctiva. 

Blood Examinations. 1. In the laboratory diagnosis of infestations due to Wu- 
chereria bancrofti (Filaria bancrofti), Wuchereria malayi, Acanthocheilonema perstans, 
Mansonella ozzardi, and Loa loa, the methods of examination for microfilariae in the 
blood may be by means of fresh wet films, thin stained films and thick stained films as 
previously described in the diagnosis of malaria. Fresh wet films are preferred. Prep- 
arations may be examined by the low power objective. Since microfilaria are very 
transparent, subdued light should be used. 

2. Concentration methods, however, are frequently required. A simple method 
consists of collecting 1 ml. of blood from a finger or ear in 5 ml. of a 2 per cent solu- 
tion of glacial acetic acid, mixing thoroughly and centrifuging. Wet and Giemsa stained 
smears of the sediment are examined for microfilaria. 

The method of Stubbs and Live (J. Am. Vet. Med. Assoc., 1935, 40:680 and 1938, 
45:686) is as follows: (a) Collect 5 to 10 ml. of blood by venipuncture and place in a 
test tube; (0) allow blood to clot, separate the clot from the wall of the tube and 
allow to stand for clot retraction (usually 3 to 4 hours); (c) carefully separate the 
serum and place in a test tube; (d) add two volumes of 5 per cent acetic acid or two 
volumes of 2 per cent hydrochloric acid; (e€) invert the tube several times and centri- 
fuge at 600 to 1000 r.p.m. for 6 minutes or allow to stand overnight; (f) remove the 
supernatant fluid; (g) mix the sediment, place a drop on a slide, cover with coverglass 
and examine with the low power objective. 

Aids for the Species Identification of the Microfilaria. The microfilaria are 
easily detected in the peripheral blood due to their large size, and their intentionless 
lashing movement, which agitates the red cells and immediately attracts the eye when 
specimens are examined under the low power of the microscope. 

WucHERERIA BaNncrorti. The imicrofilariae of W. bancrofti are sheathed. They 
measure 300 by 7.5 microns. They form graceful curves, are regular in outline, and 
rarely angulated. The head is the same width as the body. The body matrix, which is 
made up of numerous nuclei, does not extend to the extreme limits of the tail, which 
is pointed. The microfilariae have a nocturnal periodicity. The blood should be ex- 
amined from between 10 p.m. and 2 a.m. (Fig. 305). 

WucuereriA Matayt. The microfilariae of W. malayi are of the sheathed type 
and have a nocturnal periodicity. They measure 177 to 230 microns in length and the 
tail is swollen at the levels of the two terminal nuclei. 

Loa Loa. This parasite measures 250 by 7 microns. It is a sheathed embryo, the 
body matrix cells extending to the extreme limits of the tail, and ending squarely at 
the head. The outline is slightly irregular, the head slightly flattened and broader 
than the body. The curves are not graceful. They have a diurnal periodicity. The 
blood should be examined at midday. 

ACANTHOCHEILONEMA PERSTANS. This microfilaria is unsheathed, that is, the body 
cavity containing the nucleus is not covered by a surrounding layer or sheath. The 
head is blunt, the organism measures 200 by 5 microns. This microfilaria does not 
exhibit periodicity, and is usually found in the peripheral blood at all times. 

MaNSoNnELLA Ozzarpi. The microfilaria measure 173 to 260 microns in length. 
They are found in peripheral blood, are nonperiodic and unsheathed. The tail nuclei 
are not terminal. The organisms appear slender, and are delicately curved. 
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OncHocercus VotvuLus. This microfilaria varies greatly in size. The small form 
measures 221 to 287 microns in length while the large form measures 295 to 358 
microns in length. The microfilaria is unsheathed and the nuclei do not reach the tip 
of the tail. Diagnosis is made by finding the adults or microfilaria from the nodular 
areas and not in the blood. 


Fig. 305. Larvae of Wuchereria bancrofti. 


(After Railliet. From Braun, Die thierischen Parasiten des Menschen. Courtesy of Bale Sons and 
Danielsson.) 


DrroFiLariA Imuitis. Adult filaria are found most often in the right heart and 
pulmonary artery of the dog. They are long white worms 12 to 30 cm. in length and 
0.7 to 1.3 cm. in width. Sexually mature females discharge large numbers of larvae 
into the circulating blood. The larvae are 280 microns in length and about the width of 
a red cell. They are very active and do not exhibit periodicity. 

The various microfilariae found in the peripheral blood may be differentiated from 
each other by noting whether they are sheathed or unsheathed, the shape of the tail 
(blunt or pointed) and if the nuclei of the tail extend to the tip (Fig. 306). The relative 
distance between such landmarks as the nerve ring, excretory pore, genital cells and 
anal pore of the microfilariae may also be used for species differentiation. 

Immunological Tests. The intradermal skin test and complement fixation test may 
be done using an antigen prepared from Dirofilaria imitis (see section on serology). 
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Fig. 306. Microfilariae. 


a, anal pore (tail-spot). e.c., excretory cell. e.p., excretory pore (V-spot). £1, Zo, 23, 4) first, 
second, third and fourth genital cells. (Microfilaria malayi is now Wuchereria malayi.) (From 
Belding, Textbook of Clinical Parasitology. Courtesy of D. Appleton-Century Company.) 


METHODS OF EXAMINATION FOR DRACUNCULUS MEDINENSIS 


Dracunculosis is due to infestment with the guinea worm Dracunculus medinensis. 
Laboratory diagnosis is based upon finding the female worms in the subcutaneous 
tunnels of papulovesicular lesions of the feet or elsewhere, or finding larvae in the 
vesicular fluids. Dead or calcified worms may be located by roentgen ray examination. 
The disease is common in Asia, Africa, South America and the West Indies. 

The gravid females measure 500 to 1,200 mm. in length and 0.9 to 1.7 mm. in 
diameter, averaging about 600 mm. The anterior end bears a cuticular shield and is 
bluntly rounded. The cuticle is smooth and the oval mouth is surrounded by several 
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Fig. 307. Schematic representation of encysted larva of Trichinella spiralis in muscle. 
A, early stage of encystment. B, encysted larva with fat globules at poles of cyst. (From Belding, 
Textbook of Clinical Parasitology. Courtesy of D. Appleton-Century Company.) 
pairs of papillae. The larvae on liberation from the female have a slender rhabditiform 
shape with a long, filiform tail tapering to a sharply pointed tip. They reach maximal 
development after 2i days. They are actively motile in the body during the first 4 or 
5 weeks after which they become inactive and tightly coiled. If the worm is broken 
during extraction and the larvae escape into the subcutaneous tissues, a severe inflam- 
matory reaction with fever ensues with possible secondary bacterial infection. 


METHODS OF EXAMINATION FOR TRICHINELLA SPIRALIS 


Trichinosis is due to infestment with 7 vichinella spiralis from the eating of raw or 
improperly cooked lean pork or bear tenderloin carrying the cysts. 
In the intestine the adults mature. The female is 5 to 4 mm, in length, the male is 
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smaller. In the intestine copulation takes place and the female discharges the embryos. 
Some enter the lymph spaces and are eventually carried to all organs of the body by 
the blood, only those reaching the muscles seeming to survive. 

Here they become encysted, and can be seen with the naked eye as tiny white 
specks in the muscle. The cysts are lemon-shaped, measuring 400 by 250 microns, and 
are within the muscle fibers. The coiled worm is surrounded by a capsule which it 
secretes. A reactionary round-celled exudate, with the formation of some fibrous tissue, 
may form an additional surrounding layer. After a time the cysts become calcified. 

1. Diagnosis may be made during the early period of diarrhea when the adult 
parasites are occasionally found in the feces. Also by sometimes finding the larvae in 
the blood between the sixth and twenty-second days after the onset of symptoms by 
the following method: (a) obtain 10 ml. of blood by venipuncture, (6) mix thoroughly 
with 25 ml. of 2 per cent acetic acid, (c) centrifuge thoroughly, (d) examine the sedi- 
ment either by placing a drop on a slide and covering with a coverglass or by smears 
stained with Wright’s stain. The larvae are easily recognized with positive results in 
a small percentage of cases. They are also sometimes found in the spinal fluid after 
thorough centrifuging and preparing smears of sediment. 

2. Diagnosis is usually made, however, by finding the encysted larvae in the 
muscles (Fig. 307) by biopsy examinations during or after the third or fourth week 
of the infestation. For this purpose a small piece of the muscle may be removed from 
the insertion of the deltoid, the head of the gastrocnemius, pectoralis major, or from 
the lower portion of the biceps, and should be divided into 2 parts. The first may be 
examined in the fresh state by taking a small fragment (about 1 mm. in thickness) 
and pressing out between 2 small pieces of glass or micro slide so as to make the 
specimen translucent (preferably a Trichine press). With a low power lens or micro- 
scope the embryo can easily be seen. The rest of the tissue should be run through as 
a routine tissue biopsy and stained with hematoxylin and eosin. These muscle sections 
will likewise reveal the encysted embryos. 

3. The intradermal skin test, precipitin test and complement fixation test may be 
used as valuable aids in establishing a diagnosis of trichinosis. 


METHODS OF EXAMINATION FOR TRYPANOSOMES 


Principles. 1. African trypanosomiasis or “sleeping sickness” is due to infection 
with Trypanosoma gambiense or Trypanosoma rhodesiense ; American trypanosomiasis 
or Chagas’ disease is due to infection with Trypanosoma cruzi. 

2. Early diagnosis and treatment of African trypanosomiasis is important. Labora- 
tory diagnosis is based upon finding the trypanosomes in the blood (especially during 
febrile periods) and by animal inoculation tests. Diagnosis in the late stages is based 
upon finding the trypanosomes in the spinal fluid and by animal inoculation tests with 
blood, spinal fluid or material removed from enlarged lymphatic glands by puncture. 
Cultures are not usually successful. 

3. The laboratory diagnosis of Chagas’ disease is difficult. Trypanosomes may be 
found in the blood during acute febrile periods in children or adults; animal inocula- 
tion tests and “xenodiagnosis” are helpful. A complement-fixation test has been devised 
for the laboratory diagnosis of Chagas’ disease. 

Blood Examinations. 1. These may be conducted with fresh wet films, thin stained 
films or thick stained films in the same manner as in examinations for the plasmodia 
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of malaria. Trypanosomes, however, are never found within cells but are always free 
in the plasma (Fig. 308). 

2. A concentration method may be conducted as follows: (a) collect 5 to 10 ml. of 
blood by venipuncture and place in a test tube carrying 1 ml. of 1 per cent sodium 
citrate in saline solution to prevent coagulation, (0) filter through cheesecloth into a 
centrifuge tube, (c) centrifuge for 20 minutes and remove the supernatant fluid, 
(d) hemolyze the erythrocytes by adding distilled water or 2 per cent acetic acid, 
(e) centrifuge for 30 minutes and discard the supernatant fluid, (f) prepare wet and 
stained smears of the sediment and examine. Otherwise 10 ml. of citrated blood may 
be thoroughly centrifuged, the plasma, removed and smears prepared of the leukocyte 
cream layer, which is just above the packed erythrocytes. 


Fig. 308. Blood of rat with trypanosomiasis. 


Film prepared four days after intraperitoneal inoculation with Trypanosoma equiperdum. (From 
Kolmer, Chemotherapy. Courtesy of W. B. Saunders Company.) 


Spinal Fluid Examination. 1. Conduct spinal puncture and collect about 10 ml. 
of fluid. 

2. Centrifuge at high speed for 15 minutes. 

3. Remove the supernatant fluid and prepare smears of the sediment; stain with 
Wright’s stain and examine. 

4. These examinations are required in the late stages of “sleeping sickness” since 
trypanosomes are not likely to be found in the blood. 

Lymph Gland Examinations. Lymph glands may be examined as follows when 
blood examinations are negative: (a) use a large sterile needle and a dry syringe or 
one containing a few drops of sterile saline solution. which may be injected into the 
gland before aspiration; (0) prepare the skin over an enlarged gland, hold the gland 


METHODS OF EXAMINATION FOR TRYPANOSOMES 72\ 


firmly in position and thrust the needle sharply into its substance; (c) aspirate and 
remove the needle; (d) prepare wet and stained smears of aspirated material and 
examine for trypanosomes. 

Animal Inoculation. 1. Inoculate white rats or mice intraperitoneally with 1 ml. 
of citrated blood, 1 to 2 ml. of spinal fluid or material aspirated from lymphatic glands. 
Guinea pigs and rabbits may be used, but are less satisfactory because much less 
susceptible to infection. For 7. gambiense monkeys are preferred but cannot generally 
be employed. 

2. Make daily examinations of the blood for trypanosomes using fresh wet and 
stained preparations. In the case of rats and mice blood may be secured by snipping 
off the tips of the tails. In positive cases the trypanosomes usually appear between the 
third and fourteenth days after inoculation and remain in the blood quite constantly 
until death occurs. 

Xenodiagnosis (Brumpt). This method is used only as an aid in the diagnosis of 
Chagas’ disease. It consists of allowing laboratory bred triatomids to bite the individual 
suspected of having the disease. If infection is present, the trypanosomes multiply 
rapidly in the intestine of the bug and an examination of the intestinal contents will 
result in their detection. This method is sometimes successful when the trypanosomes 
are so few in number in the blood that they cannot be found microscopically. 

The Species Identification of the Trypanosomes of Man. ‘The trypanosomes are 
the most highly developed of the hemoflagellates. For species identification the worker 
must be familiar with the structural details which are described in the following 
paragraphs. 

The parasites have a fusiform body with pointed ends. They are flattened from 
side to side. In the central part is a large nucleus. In the posterior end a small chro- 
matic mass is found called the “‘parabasal body.” Immediately adjacent is a blepharo- 
plast, from which an undulating membrane and marginal flagellum arise. The flagellum 
in most species, after forming the edge of the undulating membrane, extends beyond 
the anterior end as a free process of varying length. In Figure 309 these structures 
have been represented diagrammatically. 

TRYPANOSOMA GAMBIENSE. It is 15 to 30 microns in length, and produces a chronic 
form of sleeping sickness in man. It has a large nucleus centrally placed, a small para- 
basal body and blepharoplast located at the posterior end. The undulating membrane 
is considerably convoluted and wide. In the peripheral blood the forms may be long 
and slender or short and plump. In the former the flagellum is long, in the latter it 
may be absent. Direct stained smears of the peripheral blood may be negative owing 
to the relatively small number of organisms present. 

When blood or emulsified glandular tissue is injected into a white rat, the animal 
develops a rather chronic form of the disease, although the parasites will be found in 
the blood. Stained smears reveal forms similar in structure with those found in man. 

TRYPANOSOMA RHODESIENSE. It measures 15 by 30 microns. This organism pro- 
duces a rapidly fatal variety of sleeping sickness. Its morphology is similar to that of 
T. gambiense. Only a few parasites are found in the peripheral blood, so that direct 
thin blood smears may be negative. 

When blood or gland tissue is inoculated into animals, a rapidly fatal trypano- 
somiasis is produced. Examination of stained smears of the animals’ blood shows forms 
similar to those described under T. gambiense, and in addition forms showing the 
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“posterior nucleus.” In these, the nucleus is in the posterior end, closely associated 
with the parabasal body and blepharoplast sometimes being even posterior to these 
structures. These posterior nucleated forms are stated to differentiate the two species. 

TRYPANOSOMA CRuzI. This parasite produces a disease in Central and South 
America called ‘Chagas’ disease.” The organism is 20 microns long, showing both 
slender, long and short, plump forms. The nucleus is centrally placed. An important 
differential structure is the large oval posteriorly-placed parabasal body. The undulat- 
ing membrane is narrow and very slightly convoluted. The mature trypanosome forms 
of T. cruzi are only occasionally seen in direct thin blood smears. The parasite forms 
micro cyst-like colonies within various organs, particularly the muscles, including the 
heart. In these, various developmental forms are seen, with the Leishmania bodies 
predominating. Upon the rupture of such cysts the mature forms appear in the periph- 
eral blood. 

The organisms may be found in the peripheral blood during the acute phases of 
the disease, or the organisms may be recovered from the peripheral blood or tissues 
of animals. 


SoeeEe 
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Fig. 309. The most important trypanosomes parasitic in vertebrates. 
A, Tr. lewisi. B, Tr. evansi (India). C, Tr. evansi (Mauritius). D, Tr. brucei. E, Tr. equiperdum. 
F, Tr. equinum. G, Tr. dimophon. H, Tr. gambiense. X 1500. (After MacNeal.) (From Zinsser and 
Bayne-Jones, Textbook of Bacteriology. Courtesy of D. Appleton-Century Company.) 


METHODS OF EXAMINATION FOR LEISHMANIA 

Principles. 1. Kala-azar or visceral leishmaniasis is due to infection with Leish- 
mania donovani. Laboratory diagnosis is based upon (a) finding leishmania in the 
neutrophils or large monocytes of the peripheral blood, (b) the examination of material 
aspirated from the liver, spleen, bone marrow or lymphatic glands by puncture, (c) 
cultures of the spleen or other tissues aud (d) by inoculation of hamsters with blood 
or puncture material. 

2. Cutaneous leishmaniasis or oriental sore is due to infection with Leishmania 
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tropica. Laboratory diagnosis is based upon (a) finding leishmania in material from 
ulcers, especially by puncture of the margins and (0) by cultures. 

3. Mucocutaneous leishmaniasis or espundia is due to infection with Leishmania 
braziliensis. Laboratory diagnosis is based upon (a) finding leishmania in material 
obtained by puncture of the margins of initial lesions or from secondary nodules or 
ulcers or (0) by cultures. 

4. Supplementary examinations of diagnostic value consist of (a) Napier’s alde- 
hyde test, (6) Chopra’s antimony test and (c) Sia’s precipitative test. 

Blood Examinations. In suspected kala-azar blood examinations consist in the 
preparation of thin and thick (preferred) blood films stained with the Wright or 
Giemsa stains. Since the leishmania may be destroyed in an aqueous solution of 
Giemsa stain the films should be dried and then lysed by treating them with an aqueous 
solution of 2.5 per cent glacial acetic acid (4 parts) and one part of a 2 per cent 
aqueous solution of tartaric acid for 5 to 10 minutes. The thick films are then fixed 
in absolute methyl alcohol followed by staining with Giemsa stain. The large monocytes 
and neutrophils are examined for intracellular L. donovani. 

Tissue Examinations. 1. In kala-azar material may be secured by aspiration of 
the spleen, bone marrow, lymphatic glands or liver. This material may be examined 
by the preparation of smears stained by Wright’s or Giemsa’s stains and by cultures. 
Leishmania parasites are usually less abundant in the bone marrow than in the spleen 
or liver. Liver puncture may be conducted as follows: (a) exclude patients with leu- 
kemia, hemorrhagic disease, malaria and hydatid cyst, (0) prepare the skin and 
administer a local anesthetic, (c) insert a dry sterile needle, not more than 3% inches 
long, into the eighth intercostal space in the anterior axillary line 1 to 11% inches from 
the costal margin, directing it inward, upward and backward (several punctures may 
be made in different parts through the same aperture), (d) aspirate material and with- 
draw the needle. Apply a dressing. With due care aspiration is a safe procedure. 

2. In cutaneous leishmaniasis (oriental sore) and mucocutaneous leishmaniasis 
(espundia) the lesions are superficially cleaned with alcohol and allowed to dry. If 
possible, the serous exudate from a lesion is obtained by puncturing the indurated 
margin with a sterile capillary pipet or large needle. Another method is to scrape the 
surface of the lesion with a scalpel until it bleeds. The blood is removed after the 
hemorrhage has ceased and the serous exudate which collects is then taken for examina- 
tion. Ordinarily, the removal of material by scraping with a scalpel is sufficient. Smears 
of the material are prepared on slides and stained with the Wright or Giemsa stains. 
The organisms are to be found within the reticulo-endothelial cells (Fig. 310). Tissue 
may be surgically removed and the organisms demonstrated histologically. 

Cultural Examinations. A satisfactory medium for the cultivation of the leish- 
mania is that of Novy, MacNeal and Nicolle (N.N.N.). The medium is prepared as 
follows: 


J CET py eg e's 9 A) CoP Ot oN OP co tat ILE wane Aer ar 14.0 gm. 
Sociamye lon deyaerriremci me eter cacan  venee na tare 6.0 gm. 
Distilledhwater wee ke Sees ete eater treat 900.0 ml. 


Bring the above mixture to a boil and neutralize with N/1 NaOH. The stock medium 
is stored in the refrigerator in 150 ml. quantities. The medium, when needed, is dis- 
solved, cooled to 50° C. and 10 ml. of defibrinated blood added. Slants are then made 
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using 5 ml. amounts. Place slants in a 37° C. incubator to check for sterility. Inoculated 
slants are kept at 37° C. and transfers made every 15 days. 
1. Place 0.25 to 0.5 ml. of blood in 20 ml. of 1.5 per cent sodium citrate in physio- 


logic salt solution. 

2. Shake the mixture gently, and place in the ice-box overnight. 

3. Centrifuge and decant the supernatant fluid. Transfer the corpuscles with a 
sterile pipet into the water of condensation of a tube of N.N.N. medium. 


4. Incubate at 37° C. 


Fig. 310. Leishmania tropica. 


A, section of cutaneous lesion showing organisms included in large mononuclear cells. C, a large 
mononuclear cell showing cytoplasm filled with organisms in film stained with Wright’s stain. B and 
D, dividing forms, Wright’s stain. (After Wright.) (From Zinsser and Bayne-Jones, Textbook of 
Bacteriology, 7th ed. Courtesy of D. Appleton-Century Company.) 


METHODS OF EXAMINATION FOR LEISHMANIA 725 


5. Examine this fluid from time to time by staining smears for the presence of the 
leptomonad forms of the parasite. 

Only a few organisms are found in the peripheral blood, and therefore the growth 
may be slow. Cultures should not be considered negative until after 3 or 4 weeks. 
Ordinarily, however, they should show parasites in from 3 to 14 days (Fig. 311). 


Fig. 311. Cultural forms of Leishman-Donovan bodies. 
(From Park, Williams and Krumwiede, Pathogenic Microorganisms. Courtesy of Lea and 
Febiger Company.) 


6. Aspirated material from spleen or liver may be inoculated directly into the 
water of condensation of tubes of N.N.N. media and incubated at 37° C. as described 
previously. 

7. Material from lesions in cutaneous leishmaniasis or lesions about the mucous 


membranes in espundia can likewise be inoculated directly. 
8. Great care should be taken to avoid bacterial contamination. Wherever pos- 
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sible, lesions which have not yet undergone ulceration should be aspirated with a sterile 
syringe, thus minimizing the chances of bacterial contamination. 

Aids to the Identification of Leishmania. The diagnosis of leishmaniasis usually 
depends upon finding the so-called ““Leishman-Donovan” bodies (leishmania forms). 
These are 2 to 4 microns in diameter, are usually oval or rounded in shape, and are 
found within the large reticulo-endothelial cells of the tissue or monocytes of the blood. 
They are said to somewhat resemble a cockle shell, because of the large eccentrically 
placed chromatin bodies. The larger or nucleus is round or oval, in front of which is 
a rod-shaped deep-staining body, the parabasal body and basal granule. 

Stained with Giemsa’s or Wright’s stain, the protoplasm is a pale blue, the nucleus 
stains dark, the parabasal body still darker. 

In culture, the organisms develop leptomonad forms 14 to 20 microns in length. 
Some are fusiform in shape, with a centrally-placed oval nucleus and parabasal body 
at the anterior end, from which extend anteriorly the flagellum which vary in length. 
No undulating membrane is present. 

Napier’s Aldehyde Test. The aldehyde or formol-gel test of Napier has proved of 
diagnostic value in kala-azar, from 82 to 85 per cent of patients with active infection 
of 4 months’ duration giving a positive reaction. This test, however, is not specific since 
somewhat similar reactions may also occur in tuberculosis, leprosy, trypanosomiasis, 
malaria, and schistosomiasis. The technic is as follows: 

1. Place 1 ml. of patient’s serum in a small test tube. 

2. Add 1 drop of commercial formalin (36 per cent formaldehyde), mix thoroughly, 
and allow to stand at room temperature. 

3. In positive cases the serum immediately becomes opaque and will assume a stiff 
white jelly-like consistency, resembling the coagulated white of egg, in from 3 to 30 
minutes. 

4, If negative no reaction should occur in 24 hours. 

Chopra’s Antimony Test. This test is stated to be more sensitive than Napier’s 
test in early kala-azar but gives more falsely positive reactions in other diseases. The 
technic is as follows: 

1. Place 0.2 ml. of whole serum and serum diluted 1:10 with distilled water in two 
small test tubes (65 & 4 mm.). 

2. Carefully overlay with a 4 per cent solution of urea-stibamine in distilled water, 
allowing the antimony solution to run slowly along the side of the tubes. 

3. If positive a thick flocculent disk will form at the junction of the two fluids 
within 10 to 15 minutes. Reaction may rarely be delayed for 1 to 2 hours. 

Sia’s Precipitative Test. 1. Add 20 cu. mm. of blood to 0.6 ml. of distilled water 
by a hemoglobin pipet. 

2. Gently agitate the mixture. 

3. Observe at 15-minute intervals up to an hour. 

4. A 4-plus reaction is shown by sedimentation of a flocculent precipitate within 
15 minutes, a 3-plus within 30 minutes, a 2-plus within 45 minutes and a 1-plus within 
an hour or longer. 

Serologic Tests. The leishmania species may be differentiated by specific aggluti- 
nation tests. The complement fixation test may be used for diagnostic purposes (Chap- 
ter 33). 
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METHODS FOR IDENTIFICATION OF ORAL PROTOZOA 


Endamoeba Gingivalis. This ameba has a wide geographical distribution, and may 
be found about the teeth, particularly those undergoing caries, and in tartar accumula- 
tions (Fig. 312). 


Fig. 312. Endamoeba gingivalis. 


A, trophozoite with a peripheral film of ectoplasm, but no pseudopodia. Food vacuoles with 
bacteria and with leukocytic nuclei. B, trophozoite with three large food vacuoles with leukocytic 
nuclei, two of which still show traces of adherent cytoplasm. Small vacuoles with remnants of food 
bodies but no bacteria. C, trophozoite showing ingested bodies and character of nucleus. ect., ecto- 
plasm. end., endoplasm. i, inclusion nuclei. k, karyosome. n, nucleus. (A and B redrawn from Kofoid 
and Swezy, 1924. C redrawn from Goodey and Wellings, 1919.) (From Belding, Textbook of Clinical 
Parasitology. Courtesy of D. Appleton-Century Company.) 


The organism is similar in morphology to the Endamoeba histolytica. It measures 
from 10 to 20 microns. It has well-marked motility. The pseudopodia are short and 
rather blunt. The ectoplasm is distinct. The organism ingests cell-fragments from food, 
and may even ingest red cells. The nucleus is much like that of the Endamoeba 
histolytica. 

Scrapings from about the teeth and bits of tartar are selected, and examined for 
the trophozoite (motile form) by direct stained and unstained methods. 

Trichomonas Buccalis (Trichomonas Elongata). This flagellate is occasionally 
met with in material taken from about the teeth, particularly the tartar. It is similar 
in morphology to the Trichomonas intestinalis, and is thought by some to be the same 
species. 

Material from about the gums or teeth, especially tartar, is suitable for examination, 
and may be examined by direct stained and unstained methods as given under the 


amebae. 
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This organism is sometimes found in vaginal secretions or exudates which are acid 
in reaction, and may produce vaginitis. They are similar or identical in structure with 
the Trichomonas intestinalis. They measure 15 to 25 microns wide. 

Material collected from vaginal secretions or exudates should be placed in about 
3 ml. of normal saline. This will prevent the drying out of the swab. The specimen 
should be immediately examined under the low power and high-dry objectives for the 
“nibbling” type of motility characteristic of this parasite. 
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METHODS FOR THE IDENTIFICATION OF MITES 


Among the important mites infesting the skin are (a) Sarcoptes scabiei (the itch 
mite), (b) Trombicula irritans (the harvest mite), (c) Trombicula akamushi (the 
vector of tsutsugamushi fever), (d) Liponyssus bacoti (the tropical rat mite), (e) 
Trombicula autumnalis (the European harvest mite), (f) Pediculoides ventriculosis 
(the grain mite) and (g) Glyciphagus domesticus (the sugar mite). 

Aids to the Species Identification of the Mites. Sarcoptes scabiei, the itch mite, 
produces scabies in man and mange in animals. The female scadiei enters into the skin, 
producing burrows in which she lays from 15 to 50 eggs. These burrows measure | to 
10 mm. in length. The usual location for the infestation is the thin skin between the 
fingers and toes, and about the inguinal and genital regions. The eggs measure about 
14 microns in length. 

In scrapings from the skin, cleared with lactophenol or 20 per cent potassium 
hydroxide, the adult female will be readily seen as a small oval mite, 400 microns in 
length. The male is much smaller and is similar to the female in shape. The head, 
thorax and abdomen are fused. There are 4 pairs of legs. The parasite is without eyes 
(Fig. 313). 


B 


Fig. 313. Sarcoptes scabiei (ventral surface). 


A, female. B, male. x 100. (From Schamberg, Diseases of the Skin and Eruptive Fevers. Courtesy 
of W. B. Saunders Company.) 


The larval form of Trombicula irritans, harvest mite, red bug or chigger, produces 
a red itching wheal, usually with minute red spot in center. The parasite penetrates the 
skin and feeds on the blood of the host. The mite is reddish, oval in shape, and has 4 
pairs of legs, a hairy body and pedunculated eyes. In Japan the larval forms of T. 
akamushi, and in other areas of the southwest Pacific T. deliensis, have been incrimi- 
nated as the vectors of the rickettsiae of scrub typhus (Fig. 314). Trombicula autum- 
nalis is the harvest mite of Europe. 

Dermanyssus gallinae, the chicken mite, is important in the poultry industry pro- 
ducing a severe dermatitis somewhat resembling scabies. 

Demodex folliculorum, the follicle mite (Fig. 315), is occasionally found in derma- 
titis involving the hair follicles and sebaceous glands, particularly of the face, with 
comedo (blackhead) formation. If these are removed the mites may be demonstrated. 
A similar parasite is associated with mange of dogs. 
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Fig. 314. Genus Trombicula. 


A, Trombicula akamushi larva, dorsal view, B, T. akamushi larva, ventral view. C, T. alfred- 
dugesi (North American chigger) adult. D, T. alfreddugesi larva, dorsal view (legs omitted). (A and 
B redrawn from Nagayo and others, 1921; C redrawn from Ewing, 1925; D redrawn from Ewing, 
1921). (From Belding, Textbook of Clinical Parasitology. Courtesy of D. Appleton-Century Co.) 


L) 
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Fig. 315. Schematic representation of female Demodex folliculorum. 
(From Belding, Textbook of Clinical Parasitology Courtesy of D. Appleton-Century Co.) 
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Liponyssus bacoti is of importance in the tropics, being partly responsible for the 
spread of murine typhus from rat to rat (Fig. 316). 


3 


\ 


Fig. 316. Liponyssus bacoti, the tropical rat mite. 


A, female, dorsal view. B, female, ventral view. x 50. (After Dove and Shelmire, 1932, from 
Hegner, Root, Augustine and Huff, Parasitology. Courtesy of D. Appleton-Century Company.) 


Pediculoides ventriculosis is associated with wheat straw, producing skin lesions 
and at times irregular fever among the individuals coming in contact with the infested 
straw. The grain or straw itch mite producing acarodermatitis urticarioides (Scham- 
berg) is shown in Figure 317. 

Glyciphagus domesticus is the food mite, 
ras =; commonly found in sugar, producing in indi- 
: | viduals handling such infested food “grocers’ 
2 {| itch.” 


METHODS FOR THE IDENTIFICATION 
OP MICKS 


There are a number of species of ticks 
which are pests that infest mammals, birds and 
men. They are primarily of importance as car- 
riers, particularly of the rickettsiae of Rocky 
[exes | Mountain spotted fever, but the wounds pro- 
Fig. 317. Female grain itch mite. x 300. duced by their bites may become secondarily 

(From Schamberg, Diseases of the infected with bacteria. They are 1 to 4 mm. in 
Skin and Eruptive Fevers. Courtesy of length when not engorged, flat and oval, tend- 
We Big aunders Vompany:) ing to taper toward the anterior end, with no 

division between the cephalothorax and abdo- 
men. The females engorge themselves with blood through a heavily armatured piercing- 
organ, the hypostome. 
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BOOPHILUS ANNULATUS IXODES RICINUS 


Fig. 318. Ventral view of various species of male ixodid ticks, showing genital and anal grooves, coxae 
and plates. 


Differential characteristics are indicated by heavy lines and dotted areas (A adapted from Patton 
and Cragg, 1913; B to D redrawn from Hegner, Root, Augustine and Huff, Parasitology, New York, 
D. Appleton-Century Company). (From Belding, Textbook of Clinical Parasitology. Courtesy of 
D. Appleton-Century Company.) 


There are two families of ticks: the hard-bodied ticks, /xodidae; and the soft- 
bodied ticks, Argasidae. A number of genera constitute the family of Zxodidae of which 
the following are important: (a) Dermacentor, (b) Amblyomma, (c) Ixodes, (d) 
Haemaphysalis, (e) Boophilus, and (f) Rhipicephalus (Fig. 318). 

Hard-bodied ticks are of importance in the spread of rickettsial diseases throughout 
the world. The Dermacentor andersoni, Western tick (Fig. 319), and Dermacentor 
variabilis, Eastern tick, are important vectors of the rickettsiae of Rocky Mountain 
spotted fever and Montana Q fever in the United States. 

In addition to the annoying dermatitis the attachment of ticks may result in tick 
paralysis in both animals and man. 

The differential characteristics of the genera of hard-bodied ticks are outlined in 
the table on page 733. 
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Fig. 319. Dermacentor andersoni. 
A, male, dorsal view. B, male, ventral view. C, female, dorsal view. D, female, ventral view. 
(Redrawn from colored plate by Stiles, 1910.) (From Belding, Textbook of Clinical Parasitology. 
Courtesy of D. Appleton-Century Company.) 


Fig. 320. Ornithodoros moubata. 


A, female, dorsal view. B, female, ventral view. (Redrawn from Nuttail, 1916.) (From Belding, 
Textbook of Clinical Parasitology. Courtesy of D. Appleton-Ccntury Company.) 
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KEY TO THE GENERA OF THE FAMILY IXODIDAE * 


1. Anal groove running in front of anus; pedipalps usually spatulate in form; male 


RItMNUMerOUS Ventral plates. 04 Ua Moke wt nial ceo. tae Le cee Ixodes 

Anal groove either running behind anus or so indistinct that it can not be seen 
CLC arly tear ane ee SPL, We gr tee TR atte ee hh) San Re RR aah eae 2 

2. Mouth parts about as long as basis capituli; second joint of pedipalps not much 
longersthantwides shui. © tot seep Ok Wiel bye mele ed — TUN pivkd | Siete bee 3 

Mouth parts much longer than basis capituli; second joint of pedipalps much longer 
RRC Wie Oon) ee Mae Biren AL Une gon ie SPM hc RONN ae RMR en atc Tas tt St 8 
3. Anal groove plainly visible; festoons usually present ......................000 4 
Anal groove:absent or indistinct; festoons absent (10. .......24<0 sa cesses a 7 

4. Second joint of pedipalps laterally produced, so that it extends beyond the edges 

Ol-the basis: capituaseyesta bseitie ys sas toe oe a ie oe ae Haemaphysalis 
Second joint of pedipalps not laterally produced; eyes present ................ 5 

5. Basis capituli rectangular in dorsal view; scutum usually ornate; male without 

ventral plates; fourth coxa of male much larger than others....... Dermacentor 
Basis capituli hexagonal in dorsal view; scutum usually not ornate.............. 6 

6. Male without ventral plates and with fourth coxa much larger than the others 

Rhipicentor 

Male with ventral plates and with fourth coxa not much larger than the others 

Rhipicephalus 

7. Male with forked pre-anal plate; joints of fourth pair of legs greatly swollen 

Margaropus 

Male with paired adanal and accessory plates; joints of fourth pair of legs normal 

Boophilus 

Sumbvesravsent males: withoutaventralnplatess amie mya. einen seen tare ae Aponomma 
WVeSSPLeSelitgin ce wep Sm get Naim hm Medea ice acum «MEL SEN AS Ru op be Mee ak Wee ana a 9 

9. Eyes submarginal; males with ventral plates ....................... Hyalomma 

iByvessmarcinal-smalesswithout ventralplatesies osrmie ae acinar Amblyomma 


The soft-bodied ticks, Argasidae, have numerous species but those of medical im- 
portance belong almost wholly either to the Ornithodoros or Argas genera. They are 
responsible for the spread of the Borelliae of relapsing fevers in the United States and 
elsewhere. The Ornithodoros moubata is well known as the vector of relapsing fever 
in West Africa (Fig. 320). 

These ticks, unlike those of the /xodidae, are soft, leathery and tuberculated. The 
head is ventrally placed near the anterior end and is not visible when the tick is 
observed from above. The spiracle plates are located behind the third walking legs 
while those of the Jxodidae occur behind the fourth walking legs. 


METHOD FOR THE IDENTIFICATION OF FLEAS 


In the siphonaptera or fleas the following genera contain most of the species that 
are of medical interest: (a) Pulex, (b) Xenopsylla, (c) Ctenocephalides, (d) Noso- 
psylla, (e) Leptopsylla, and (f) Tunga. 

These ectoparasites are flattened from side to side and are wingless. They are 
essentially blood-sucking arthropods found parasitizing a variety of hosts, and undergo 


* Hegner, R., and others, Parasitology, D. Appleton-Century Co., New York, 1938. 


734 PARASITOLOGIC EXAMINATIONS OF BLOOD AND TISSUES 


in their life cycle a complete metamorphosis, i.e. ova, larvae, pupae, and adults. They 
possess three pairs of legs, the long hind legs being adapted for jumping. 

Some of the well-known species of the group are Xenopsylla cheopis (rat flea) 
associated with the spread of murine typhus and bubonic plague; Ctenocephalides canis 
(dog flea) responsible for the spread of dog tapeworm; Pulex irritans (human flea) 
associated with flea dermatitis of man and acts as a vector in the transmission of 
plague and endemic typhus; and Tunga penetrans (“jigger” or “chigoe”) responsible 
for a severe flea-borne dermatitis of man. 

The differentiation of the genera of fleas is essentially based upon (a) the presence 
or absence of eyes, (0) the presence of a genal or pronotal comb, (c) the number of 
spines in the comb, and (d) the position of the ocular bristle. 


METHODS FOR THE IDENTIFICATION OF LICE 


This group of ectoparasites is probably important as vectors of relapsing fever, 
trench fever and typhus fever. Three important varieties are found in man. The ova 
when laid are attached to hairs or clothing, and are spoken of as “nits.” Examination 
of the nit under the microscope will reveal an oval structure with an operculated end, 
the blunt end being attached to the hair. The eggs hatch in from 7 to 10 days. 

Pediculus Capitis, Head Louse. This is found in the hair of the head. The size 
is from 1 to 2 mm. in length, and nits 0.6 mm. The diagnosis is made by finding the 
parasites or examining the hair for the nits. The infestation is spread through combs, 
brushes, and hats. For morphology see Fig. 321. 


Fig. 321. Pediculus capitis. Fig. 322. Pediculus corporis. Fig. 323. Pediculus pubis. 
(From Schamberg, Diseases of the Skin and Eruptive Fevers Courtesy of W. B. Saunders Company.) 


Pediculus Corporis, Body Louse. It measures from 2 to 4 mm. in length, the 
nits 0.8 mm. It attaches itself to the underclothing, particularly the seams. The infesta- 
tion is spread through interchange of wearing ‘apparel. This parasite is of importance 
as a vector of disease. For characteristics of its morphology see Fig. 322. 
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Phthirus Pubis, Crab Louse. It receives its name because of the claw-like extremi- 
ties. It measures 0.8 to 1.2 mm. in length. It selects the hairy portion of the body about 
the genitalia. The ova are attached at the base of the hairs and measure 0.8 mm. The 
louse is usually transmitted by direct contact. Its morphology is shown in Figure 323. 


METHODS FOR THE EXAMINATION OF LARVAE ASSOCIATED 
WITH MYIASIS 


Many species of flies are of medical interest. A large number are important because 
of their bites while others deposit larvae or maggots in the lesions. Myiasis is infesta- 
tion of the skin, wounds, intestinal or vaginal tracts with the larvae of certain flies. 

In the skin the infestations are limited to the larval forms. At least 2 varieties 
actually burrow into the skin, producing tissue-destruction resembling a boil. Other 
species deposit eggs in open wounds or in the various cavities of the body. 

The chief species responsible for wound myiasis are: 


The green bottle fly, Luczla caesar. 

The common blow fly, Calliphora vomitoria. 

The meat or flesh flies, Sarcophaga carnara and group. 

The American screwworm, Cochliomyia macellaria (Chrysomyia macellaria) and rarely 
others. 


Species of larvae associated with cutaneous myiasis are Dermatobia hominis, the 
tropical warble fly of Central and South America; Gastrophilus sp., the horse botflies; 
Hypoderma bovis, the cattle botfly; Oestrus ovis, the sheep botfly; Cordylobia an- 
thropophaga, the tumbu fly of Africa; Chrysomya bezziana, the old world screwworm; 
Cochliomyia macellaria, the common American screwworm; Auchmeromyia luteola, 
the Congo floor maggot of tropical Africa; and Woklfahtia vigil the neactic flesh fly of 
Canada and the United States. 

The accidental swallowing of the dipterous ova or larvae may result, on rare 
occasions, in a temporary intestinal myiasis. 

The finding of larvae in other secretions of the body is subject to question and is 
usually the result of accidental contamination of the containers. However, several 
authentic cases of urinary myiasis have been reported. 


vsa. mh. hp. 


Fig. 324. Mature larva of a muscid fly. 

a. S., anterior spiracles; a. ¢., anal tubercle; h. p., head papillae; m. h., mouth hooks; p. s,, 
posterior spiracles; s. ~., stigmal plate; v. s. @., ventral spinose area (redrawn from Hegner, Root, 
Augustine and Huff, Parasitology, New York, D. Appleton-Century Company). (From Belding, 
Textbook of Clinical Parasitology. Courtesy of D. Appleton-Century Company.) 
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The identification of these larvae is summarized in the following table and the 
differential characteristics of the posterior spiracles are well illustrated in Figs. 324 
and 325. 


14. 


U5 


KEY TO THE THIRD-STAGE LARVAE OF SOME OF THE MUSCOID FLIES * 


Larvae of the normal muscoid shape, i.e., slender, cylindrical, tapering anteriorly, 
more or less truncate posteriorly, without lateral or posterior processes...... 
Larvae either large, stout and more or less flattened dorsoventrally or else with 
lateraliors posterior PLOGESSCS yw es aac ete ae iesate eee re ee 


Posterior spiracles with button area well chitinized and Tingacompletemea ee 
Posterior spiracles with button area very slightly chitinized and ring incomplete. . 


Buttonvareasa parton the wings slits meat lye shiale hte games eee eee tne na - 
Calliphora, Lucilia, Anastellorhina, Neopollenia 
Buttontareatwithingring® oo occa, es an ete ee area on ry eae erence ae ee 


Slitsonly<shightlyabent-ee.. aac. fete. ee ac eee tees aoe ee are Muscina 
Slits sinuous) much® CUrVEC esa ac eee Pe Pol aa erie ea 


Posterior spiracle D-shaped; each slit thrown into several loops.............. 
Musca, Philaematomyia, Hematobia, Cryptolucilia, Morellia, etc. 

Posterior spiracle triangular with rounded corners; each slit S-shaped.......... 
Stomoxys, Bdellolarynx, Hematobosca 


Inner slits sloping downward and outward; middle slits nearly vertical; outer slits 
sloping downward and inward................ Sarcophaga, Wohlfahrtia, etc. 
MU OLE aD Gites Sojonunvr Clonwaoneneal ehavel away Ga geek ces cages casa ceaeeeoes: 
Cochliomyia, Chrysomyia, Phormia, Photophormia 


. Larvae large, stout and more or less flattened dorsoventrally, usually without 


DLOCESSES wend cl ed a tS NY or ee (oestidae) 
Larvae short, stout, cylindrical, with a very long tubular process posteriorly... . 
Eristalus (Syrphidae) 

Larvae with fleshy or spinose lateral processes 


Posterior spiracles placed in a depressed stigmal field........................ 
Chrysomyia, albiceps, varipes and villeneuvii 


Posterior spiracles elevated on short tubercles........................ Fannia 
Rosterionspiraclesveach with threescistinGhys its aae teens anaes nnn 
Posterior spiracles each with a large number of small apertures............... 
Slits of posterior spiracles nearly straight.............. Dermatobia, Cobboldia 
Slits of posterior spiracles decidedly curved or sinuous...................... 
Hachsslitsbent-atatsemiddle se tee eee ann ene Gasterophilus 
Eachslit thrown: into‘severalaloopss 30ers ee Se re ne 
Slits separate and not parallel to each other........ Cordylobia (Calliphoridae) 
Slits close together and parallel to each other............%.%...... Gyrostigma 


Each posterior spiracle a single solid plate; its apertures without obvious crossbars 
Each posterior spiracle more or less distinctly divided into several plates; its 
apertures: small’ curved, cross-barred:slitsso0 100) 1s ose Cuterebra 


Button area part of the spiracle plate... ._. Oestrus, Rhinaestrus, Gedaelsia, etc. 
Button area separate, lying in an indentation of the spiracle plate 


Button area strongly chitinized, lying in a deep indentation of the spiracle plate 


rks Hypoderma 
Button area weakly chitinized, lying in a shallow indentation........ Cephalopsis 


14 


15 


* Belding, D. L., Textbook of Clinical Parasitology, D. Appleton-Century Co., New York, 1942. 
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GASTEROPHILUS OESTRUS DERMATOBIA 
INTESTINALIS ovis HOMINIS BOVIS 


STOMOXYS MUSCA MUSCINA PHORMIA 
CALCITRANS DOMESTICA STABULANS REGINA 


| J K L 
AUCHMEROMYIA CALLIPHORA CHRYSOMYIA CORDYLOBIA 
LUTEOLA VOMITORIA BEZZIANA ANTHROPOPHAGA 


COCHLIOMYIA LUCILIA SARCOPHAGA WOHLFAHRTIA 
MACELLARIA SERICATA MAGNIFICA VIGIL 


Fig. 325. Schematic representation of the posterior spiracles of third-stage larvae of representative 
cyclorrhaphous flies (right spiracular plate only). 


(From Belding, Textbook of Clinical Parasitology. Courtesy of D. Appleton-Century Company.) 


METHODS FOR THE IDENTIFICATION OF MOSQUITOES 


Mosquitoes are small, slender, winged diptera belonging to the family Cudlicidae. 
These insects have an interesting life history. The fertilized ova are laid in water and 
develop into larvae (wrigglers). The pupae are also aquatic. The adults upon com- 
pletion of their development emerge from the pupae as winged insects. The anatomical 
structures of the adult mosquito are shown in Fig. 326. Most of the species of medical 
significance are contained in the following genera: (a) Anopheles, (b) Aedes, and (c) 


Culex. 


738 PARASITOLOGIC EXAMINATIONS OF BLOOD AND TISSUES 


? 
NZ FORE LEG 


Proboscis ft 


HEAD 
Maxillary Palp 


ill WA |) + 
ese i 
SS we 
\ihe, YW : 
4 

$ raion § 

‘ 

$ 

i 


rae 
Scutum \ 
$—THORAX 


WING NX 
ee ee 
KS 


Scutellum Halter 
Postnotum 5— ABDOMEN 
Femur 

Tibia 


MID LEG 


HIND LEG Pe Se 
=~ 


_~ 


Fig. 326. Diagram of mosquito (female). 


Dorsal view, showing nomenclature of parts (adapted from MacGregor, 1927, and Marshall, 
1938). (From Belding, Textbook of Clinical Parasitology. Courtesy of D. Appleton-Century 
Company.) 


Mosquitoes are capable of acting as vectors in the transmission of malaria, yellow 
fever, dengue, and filariasis; as well as producing an annoying dermatitis as a result of 
their bite. The anopheline mosquitoes are the sole vectors of malaria and of the 160 odd 
species approximately 60 have been shown capabie of acting as vectors of this infesta- 
tion. In yellow fever and dengue various species of Aedes are the vectors. Filariasis, on 
the other hand, may be transmitted by a large number of species of Culex, Aedes, 
Anopheles and Mansonia. 

The differentiation of the three important genera of mosquitoes may be accom- 
plished by the examination of their ova, larvae and adult forms (Fig. 327 aad Table 
41). 
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| ANOPHELINES CULICINES 
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Fig. 327. Schematic representation of differential characteristics of Anopheline and Culicine mosquitoes. 
an., antenna; ZJa., labella; ., proboscis; pa., palp. (From Belding, Textbook of Clinical Para- 
sitology. Courtesy of D. Appleton-Century Company.) 
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TABLE 41. DIFFERENTIATION OF MOSQUITOES. 


Anopheles Aedes 


Occur singly, contain | Occur singly; do not | Occur in raft forma- 
a pair of lateral] possess floats. 
ribbed floats. 


Rest parallel to water} Rest at an angle to] Rest at angle to water 
surface; rudimen-| water surface; well} surface; well devel- 
tary breathing tube.| developed breathing] oped breathing tube 

tube with single tuft| with several tufts 
of hairs. of hairs. 


Adults Proboscis and body in| Proboscis and body in] Proboscis and body in 
Resting position one axis. two axes. two axes. 


Maxillary palps As long as proboscis. | Shorter than proboscis. | Shorter than proboscis. 
(females only) 


Scutulum Evenly rounded. Trilobed. Trilobed. 


Tip of female Usually pointed. Usually blunt. 
abdomen 


METHODS FOR THE IDENTIFICATION OF BEDBUGS 
The common bedbug, Cimex lectularis, and Oriental bedbug, Cimex hemipterus, 
belong to the order Hemiptera (true bugs). They measure approximately 5 mm. long 
and 3 mm. broad and possess a head, thorax and segmented abdomen. The mouth 


Fig. 328. Common arid oriental bedbugs. 


A, common bedbug, Cimex lectularius, female; B, oriental bedbug, Cimex hemipterus, female 
(adapted from various sources). (From Belding, Textbook of Clinical Parasitology. Courtesy of 
D. Appleton-Century Company.) 
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parts are adapted for piercing and sucking. The organism does not undergo a meta- 
morphosis. With the exception of size the newly hatched bug resembles the adult, 
Pig 528: 

The common bedbug is an important pest of man and the lower animals, producing 
a local, itching lesion at the site of the bite. They are of little importance in the 
transmission of disease in man. 

In the closely related family, the Reduviidae, several species are important as 
cyclic vectors of Trypanosoma cruzi causing Chagas’ disease. 

The reduviid bugs (‘assassin bugs,” “kissing bugs”), of which Triatoma megista 
is probably the best known, are large insects measuring about 2.5 cm. long. They are 
brown in color and have red or yellow markings on the body. The wings are well de- 
veloped and ocelli are posterior to the eyes. Because of the pointed head they are 
called the “‘cone-nosed bugs.” 


Part Five 
SEROLOGIC METHODS 
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METHODS FOR THE PREPARATION AND PRESER- 
VATION OF PLASMA AND SERUM 


The following methods in conformity with the minimum requirements of the 
National Institutes of Health, may be employed by hospital and other institutional 
laboratories for the preparation of normal and convalescent human plasma and serum 
for their own needs. 


COLLECTION OF BLOOD 

1. Only those persons may serve as a source for normal and convalescent human 
plasma who are free of disease transmissible by blood transfusion (particularly malaria, 
other protozoal diseases, syphilis, infectious hepatitis within 6 months, and acute upper 
respiratory tract infections) as far as can be determined from the donor’s personal 
history and from such physical examination and clinical tests as appear necessary for 
each donor on the day upon which blood is obtained from the individual. For the 
protection of the donor, existing pregnancy or pregnancy within the past 6 months 
should disqualify the donor. It is also recommended that only those persons should 
serve as donors who have not less than 12.5 gm. of hemoglobin per 100 ml. of blood. 

2. The assembled apparatus used at Temple University Hospital is shown in 
Fig. 329. A Strumia blood plasma bottle of 650 ml. capacity (Kimble resistance glass) 
fitted with a 2-holed rubber stopper, pure gum rubber tubing (5 mm. bore) and glass 
tubing (7 mm. outside diameter) are employed. 

3. New rubber tubing and stoppers are placed in a 5 per cent solution of sodium 
carbonate and autoclaved at 15 pounds pressure for 30 minutes followed by rinsing 
with running hot water and boiling in freshly distilled water for 5 minutes. Used rubber 
parts are rinsed with running tap water and the tubing cleaned by drawing through 
gauze at the end of 2 feet of heavy copper wire, followed by rinsing with tap and 
freshly distilled water. 

4. Place in the bottle 10 ml. of the following pyrogen-free anticoagulant solution 
for each 100 ml. of blood to be collected: 


eRri-sodium citrate’. aeons oe een ree 4.0 gm. 
Water for injéction’ (US. Bia @... Soo eee 100.0 ml. 


5. If the erythrocytes are to be used as resuspended (or packed) erythrocytes, in 
addition to processing the plasma as liquid or dried plasma, one of the following acid- 
citrate-dextrose (ACD) pyrogen-free anticoagulant solutions should be used: 
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SOLUTION A SOLUTION B 
Tri-sodium citrate 22.0 gm. 13.2 gm. 
Citric acid 8.0 gm. 4.8 gm. 
Dextrose 24.5 gm. 14.7 gm. 
Water for injection (U.S.P.) to make 1000.0 ml. 1000.0 ml. 


Add 15 ml. of solution A, or 25 ml. of solution B, to the bottle for each 100 ml. of 
blood to be drawn. The solution may be sterilized by autoclaving without damaging 
the dextrose. The pH of the anticoagulant solution is 5.0 and becomes adjusted to the 
optimum when mixed with whole blood. An intermediate volume of anticoagulant 
solution may be used provided the formula is adjusted so as to maintain the same 
ratio between the components and each 100 ml. of blood drawn. 
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Fig. 329. Apparatus for collection of blood. 


A, 650 ml. bottle carrying 50 ml. citrate solution. B and C, glass observation tubes. D, metal 
needle adapter in a test tube stoppered with cotton. EK, cotton air filter in glass tubing. F, test tube 
stoppered with cotton and carrying a 15-gauge needle (cotton in bottom of tube to protect point 
of needle). 


6. The assembled apparatus is then sterilized by autoclaving. It is important to 
prevent excessive evaporation of the anticoagulant solution following sterilization by 
avoiding too rapid reduction of pressure in the autoclave. 

7. Place the donor in a comfortable recumbent position. Select a suitable vein. 
Prepare the skin by cleansing with 70 per cent alcohol; apply tincture of merthiolate 
and cover with sterile gauze. Before puncturing infiltrate the skin over the chosen site 
with a sterile 1 per cent solution of procaine by means of a small sterile syringe fitted 
with a sterile needle of gauge 23 or 26. 

8. Inspect the apparatus for defects in rubber tubing and assembly. Adjust needle 
to the adapter. Clamp off the rubber tubing connecting the air filter to the bottle with 
a hemostat. Invert the bottle until the anticoagulant solution fills the rubber tubing 


744 PREPARATION AND PRESERVATION OF PLASMA AND SERUM 


connected with the needle while being very careful not to allow any of the solution 
to flow into the tubing connected with the air filter. Clamp the tubing near the rubber 
stopper with a hemostat to prevent the solution flowing back into the bottle until the 
needle has been introduced into the vein. 

9. Apply a tourniquet and have the donor open and close the hand several times 
which aids in distending the vein. Introduce the needle into the vein and when blood 
is seen in the observation tube release the hemostat to permit the blood to flow into 
the bottle which is placed on the floor or below the level of the arm. Have the patient 
open and close the hand, which aids the flow of blood. With a 15-gauge needle suction 
is not ordinarily required. Shake the bottle during collection of blood to insure 
thorough mixing for the prevention of coagulation and collect blood up to the 550 ml. 
mark. It is convenient to place the bottle in a mechanical shaker which is stopped from 
time to time to determine whether or not the blood is flowing freely. If the donor 
appears and feels faint, give 1 or 2 teaspoonfuls of aromatic spirits of ammonia in 
water. 

10. After obtaining the desired amount of blood, release the tourniquet with the 
bottle below the level of the arm, pinch the rubber tubing and remove the needle. 
Maintain pressure over the site of puncture with a pad of sterile gauze for at least 
5 minutes and apply bandage. Allow the donor to rest and give coffee or orange juice 
if necessary. 

11. By gentle milking discharge the blood in the rubber tubing into test tubes. 
Remove both rubber tubings with observation tube and air filter (B and E in Fig. 
329), fold down the 2 pieces of tubing attached to the stopper and tie to the bottle 
or clamp each with a hemostat. Place the blood in a refrigerator at 2 to 10° C. within 
an hour after collection. Freezing must be avoided. 


PREPARATION OF HUMAN FLUID PLASMA 


1. If citrate anticoagulant solution has been used the plasma should be collected 
by centrifugation within 72 hours of the time of collection of the blood. If ACD 
solution has been used, the plasma may be separated by centrifugation, or by sedi- 
mentation, at any time not later than 5 days after collection of the blood providing 
the hemoglobin does not exceed 25 mg. per 100 ml. of plasma. 

2. Carefully balance the bottles in centrifuge cups and centrifuge at 2,500 r.p.m. 
for 30 to 45 minutes. Upon completion, the rheostat should be gradually turned down; 
the centrifuge brake should not be applied. It is recommended that a cooled centrifuge 
or one provided with a shield be used. 

3. The plasma from each bottle is now aspirated into a bottle for pooling purposes 
(Fig. 330). The parts of the apparatus are first washed in freshly distilled water, 
assembled, wrapped in muslin and autoclaved at 15 pounds pressure for 25 minutes. 
The operator wears a sterile cap, gown, face mask and rubber gloves, working in a 
closed room. A rigid aseptic technic is required. The aspirating cannula for the 
removal of plasma from the bottles of blood is encased in gooch crucible rubber 
tubing (1 inch outside diameter) to which is attached a glass bell with two constric- 
tions (length 9.5 cm.; outside diameter 1.7 cm.). The aspirated plasma is filtered 
through 4 layers of 40-mesh gauze (previously boiled in freshly distilled water) as it 
flows into the pooling bottle. Aspiration is conducted under good light te avoid mixture 
of corpuscles with the plasma. Air is exhausted from the pooling bottle by means of 
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suction. During aspiration clamp F is opened and clamp G is closed. The heads of the 
centrifuged bottles are sterilized by placing on them sterile gauze sponges saturated 
with 5 per cent solution of phenol and the rubber tubing covered with sterile alcohol 
sponges for at least 5 minutes. Upon completion of the aspirations the plasma is well 
mixed by rotation. 
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Fig. 330. Apparatus for pooling and distributing plasma. 


A, pooling bottle. B, aspirating cannula. C, sterile gauze filter. D, tubing with cotton air filter for 
exhausting air from pool bottle. E, F and G, one-inch Hoffmann clamps. H, distributing apparatus. 


746 PREPARATION AND PRESERVATION OF PLASMA AND SERUM 


4. Since the method herewith described does not include sterilization by ultraviolet 
light irradiation, it is recommended that not more than 2 or 3 individual plasmas be 
pooled in order to reduce the danger of transmission of the virus of homologous serum 
jaundice. If ultraviolet light sterilization is employed according to the specifications 
established by the Laboratories of Biologics Control of the National Institutes of 
Health, a minimum of 8 individual plasmas may be pooled. 

5. If the plasma is to be used in a liquid state add a sufficient amount of sterile 50 
per cent solution of dextrose to give a 5 per cent concentration. Dextrose must not be 
added to the plasma if it is to be frozen and subsequently dried. 

6. Add 2.5 ml. of a 1:1250 solution of phenylmercuric nitrate to each 100 ml. of 
plasma as a preservative and thoroughly mix. 

7. Conduct a sterility test by inoculating 2 flasks of 150 ml. of Brewer’s sodium 
thioglycollate broth with 1 ml. for each 100 ml. of plasma. Incubate one flask at 35° 
to 37° C. and the other at room temperature (22° to 25° C.) for not less than 7 days. 

8. If sterile the plasma is now ready for distribution in sterile bottles fitted with 
rubber stoppers. Each is prepared by rinsing with freshly distilled water (leaving 
about 1 ml.), exhausting the air by pump suction for 5 minutes and autoclaving at 
15 pounds pressure for 25 minutes. The vacuum within each bottle serves for the 
aspiration of the plasma (H in Fig. 330) composed of rubber tubing, an adapter, spinal 
puncture needle (gauge 16 to 18) and a glass bell. 

9. After a storage period of 2 weeks, 2 or more vials should be re-cultured for 
sterility as previously described. 

10. A pyrogen test is not required with fluid plasma but with dried plasma may 
be conducted as follows: (a) use healthy rabbits weighing 1,500 gm. or more which 
have been maintained for at least 1 week on a uniform unrestricted diet and have not 
lost weight during this period. Take the temperature of each animal with a clinical 
rectal thermometer inserted beyond the internal sphincter. Do not use animals with 
a temperature in excess of 39.8° C. 

(6) Use 3 rabbits for each test. Withhold food for 1 hour before and until the test 
is completed. Take a control temperature reading on each animal and inject each in- 
travenously with 10 mg. of plasma per kg. of rabbit within 15 minutes subsequent to 
the control temperature reading. The syringes and needles should be pyrogen-free 
and sterile. 

(c) Record the rectal temperatures 1 hour later and each hour thereafter until 3 
readings have been made. 

(d) The test is positive if 2 or 3 animals show an individual rise in temperature 
of 0.6° C. or more above the control or normal temperature established for each of the 
animals. If only one animal shows a temperature rise of 0.6° C. or more, or if the sum 
of the temperature rises of the 3 animals exceeds 1.4° C., the test should be repeated 
on 5 additional animals. The test is positive if 2 or more of the group of 5 rabbits 


show an individual rise in temperature of 0.6° C. or more above the normal control 
temperatures for these animals. 


PRESERVATION OF SERUM AND PLASMA 


1. Sterile serum or plasma may be kept in vials or other containers in a refrigerator 


without a preservative, but this is inadvisable when they are to be used for therapeutic 


administration. Under these conditions a preservative such as 1 ml. of 1:1250 solution 


PRESERVATION OF SERUM AND PLASMA 747 


of phenylmercuric nitrate (basic medical grade) or merthiolate should be added to 
each 40 ml. (1:50,000) as a safeguard against contamination; the former is preferred 
because it is less likely to produce a precipitate. 

2. For the preservation of positive and negative sera as controls in the conduct 
of agglutination, complement fixation or flocculation tests merthiolate powder is recom- 
mended in amount of 0.001 gm. per ml. or 0.1 gm. dissolved in 100 ml. It is advisable 
to filter the serum before the addition of merthiolate and for this purpose the Boerner 
centrifugal filters or the new model Seitz laboratory filters are recommended. Both 
employ the Seitz germicide (E.K.) filter disks and these should be washed by allowing 
2 volumes of distilled water to pass through with suction continued until the disk is 
as dry as possible before the serum is filtered. Otherwise, the sera may be preserved 
by adding 0.1 ml. of 5 per cent solutions of phenol or tricresol (preferred) to each 
ml. of serum. 

3. Guinea pig complement serum, normal and convalescent human serum or 
plasma are particularly well preserved in dried powder form. For this purpose the 
product should be desiccated from the frozen state. This prevents denaturation of 
proteins and the resulting product has excellent qualities of reconstitution with sterile 
water and no loss of potency, generally detectable with most biologic products. The 
process may be applied to preservation of stock cultures and of viruses as well as the 
immune sera and other products. Several methods have been developed for carrying 
out the process on a practicable scale. These make use of low temperature condensa- 
tion in vacuum, chemical removal of water in vacuum (chemical desiccants removing 
water either by chemical combination or physical adsorption), or by direct pumping. 
That to be used, depends upon the amount of material to be dried. 

Lyophile Method. In this method, devised by Flosdorf and Mudd (J. Immunol., 
1935, 29:389), the apparatus made by the F. J. Stokes Machine Company, Phila- 
delphia, Pa., is employed. The serum or other biologic material to be preserved is 
distributed with sterile precautions into glass containers. These are immersed in a 
bath of dry ice in a commercial solvent (methyl cellosolve) at a temperature of ap- 
proximately —75° C. The containers of the frozen serum are attached to a manifold 
which leads through a condenser to a vacuum pump. The condeuser is kept at —75° C. 
with a bath of dry ice in the same solvent. The whole system is rapidly evacuated and 
held at a pressure below 0.05 mm. of mercury by the vacuum pump. Water vapor 
evaporates from the frozen serum to be trapped as ice in the condenser; the rate of 
evaporation is sufficient to keep the serum frozen throughout the process of desiccation. 
The containers are sealed without breaking the original vacuum. Storage for prolonged 
periods should be at refrigerator temperature. The light porous residue of serum solids 
quickly and completely dissolves in distilled water to regenerate a serum the potency 
of which is not detectably different from the original serum. This procedure has been 
termed the “lyophile” process. 

Cryochem Method. In 1938, Flosdorf and Mudd described a process for accom- 
plishing the drying of labile biologic substances from the frozen state which is con- 
siderably cheaper and simpler than the lyophile process. Dry ice is not required either 
for the initial freezing or for condensation of the evaporated water. A chemical, known 
as Drierite (anhydrous calcium sulfate, specially prepared at about 200° C.) is used 
for absorption of the water vapor and is repeatedly regenerable. 

The containers of material are attached to the apparatus and the serum pumped 
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essentially free of gases under low vacuum for about a half hour. A high vacuum is 
then established and the initial freezing is spontaneous, taking place immediately as a 
result of the particularly rapid dehydrating action of the Drierite. During the desic- 
cation, not as high a vacuum is required as in the lyophile process and completion of 
the drying is accomplished in a shorter time. 

In many cases the final product has superior solubility and other characteristics, 
but presents a somewhat less attractive appearance. In cases where appearance might 
be a major factor, the serum may be frozen initially with dry ice or other means. 


Fig. 331. Cryochem machine. 


Capacity one liter per day. Suitable for general laboratory purposes in the preservation of plasma, 
complement, immune sera and cultures. (Courtesy of Dr. E. W. Flosdorf.) 


The apparatus (Fig. 331) and Drierite may be purchased from the F. J. Stokes 
Machine Co., Philadelphia, Pa. In regeneration of the Drierite, with smaller units, the 
ordinary hot air sterilizing ovens may be used for driving off the moisture. The larger 
models of the apparatus are equipped with built-in electrical regeneration units so that 
the chemical need not be removed from the apparatus. When the Drierite has been 
used to capacity, the electric switch is turned on for regeneration. After a few hours, 
the material is allowed to cool overnight and is then ready for further use. | 

At no time is dry ice storage required, much less attention is needed, and there is 
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no increased cost resulting from subcapacity operation. These and other factors, as 
well as the low general cost, make this process much more practical for clinical labora- 
tory use. In many foreign countries, where dry ice is unavailable, this type of equip- 
ment has provided the only solution to the problem of simple and economical use of 


desiccation from the frozen state. 


Fig. 332. Desivac machine. 
For the production of about 40 bottles of plasma (300 ml. each) per week. Dry Ice or chemicals 
are not required. May be equipped for prefreezing mechanically within the drying chamber so that a 
shelling machine is not required. In this case, freezing and drying are carried out as a single operation. 


(Courtesy of Dr. E. W. Flosdorf.) 


Desivac Method. In 1940, Flosdorf, Stokes and Mudd described the use of direct 
pumping as a simple economical procedure for carrying out desiccation from the frozen 
state on a larger scale than generally is required for such products as guinea pig com- 
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plement, immune sera, and bacterial cultures. It is admirably suited, however, for 
production of normal plasma and normal serum for use as a blood substitute in trans- 
fusion because in this case, the volume of material which must be processed is so much 
larger. The machine (Fig. 332) may be purchased from the F. J. Stokes Machine Co., 
Philadelphia, Pa. The direct pumping is carried out. either by means of mechanical 
pumps equipped with a special centrifugal clarifier for elimination of the condensed 
water from the oil in the pump or by means of steam ejectors. The former have limita- 
tions with regard to capacity but for use in many hospitals, where production is limited, 
their capacity is ample. In commercial production, however, the use of steam ejectors 
in direct pumping has been proved te be economical. In the case of production of 
plasma by individual hospitals where a capacity greater than that provided by mechani- 
cal pumps is required, low temperature mechanically refrigerated condensers may be 
used advantageously in place of the dry ice condensers as originally described by 
Flosdorf and Mudd in the lyophile process. Otherwise, the method of processing is the 
same. Such mechanically refrigerated condensers are also being used commercially for 
the large scale production of plasma. 
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METHODS FOR CONDUCTING BACTERIAL AGGLU.- 
TINATION AND OPSONOCYTOPHAGIC TESTS 


Principles. 1. Agglutination tests are of proven value in the identification of the 
types of streptococci of group A, salmonella, brucella, meningococci, shigella and H. 
pertussis. The specific immune sera for the conduct of these agglutination tests are 
commercially available (A. S. Aloe Company and Lederle Laboratories) and the tests 
are described in Chapter 21 under the respective infections. 

2. Agglutination tests are also of proven value in the serum diagnosis of many 
diseases, with special reference to typhoid and paratyphoid fevers, brucellosis, tula- 
remia, leptospirosis, typhus fever, Rocky Mountain spotted fever and other rickettsial 
diseases. They are likewise helpful in the diagnosis of pertussis, bacillary dysentery, 
bubonic plague and glanders as well as in the detection of bacterial carriers with special 
reference to typhoid and paratyphoid bacilli. 

3. To be of diagnostic value the titers of agglutination reactions must be definitely 
higher than those due to natural agglutinins normally present in sera. 

4. As a general rule agglutination tests are of most value in diagnosis when serial 
examinations are made every 3 to 5 days after the onset of illness for the detection 
of progressive increase of agglutinins. 

5. Immune agglutinins are usually produced by the administration of vaccines in 
the prophylaxis and treatment of disease. Since they may persist for variable periods 
of time, their occurrence may complicate the interpretation of agglutination tests, 
especially in relation to typhoid and paratyphoid fevers occurring in previously vac- 
cinated individuals. 

6. Owing to biologic relationships among some of the bacteria, group (cross) 
agglutination reactions may occur resulting in diagnostic errors. Under these circum- 
stances the bacterial antigen giving the highest titer usually indicates the nature of 
the infection; otherwise, agglutinin absorption tests may be required. 

7. In some instances agglutinins may be produced through stimulation by a new 
and unrelated infection producing a type of the anamnestic reaction due to group 
bacterial antigens. 

8. As far as possible antigens for the conduct of these agglutination tests should 
be prepared of “smooth” strains of the microorganism. Selected agglutinable strains 
are preferred. Some antigens may undergo spontaneous agglutination leading to pos- 
sible errors in the reading and interpretation of reactions. 

9. With some of the motile bacilli, agglutination tests are conducted best routinely 
with antigens prepared with formalin (flagellar or H antigen) and with alcohol 
(somatic or O antigen) ; this is particularly true in the case of the typhoid and para- 
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typhoid bacilli. Freshly isolated typhoid bacilli often contain a heavy coating of a 
special O antigen designated as Vi antigen. The presence of large amounts inhibits 
agglutination by H antiserum and by ordinary O antiserum. Identification of Vi strains 
of typhoid bacilli may be accomplished either by previously heating the antigen at 
90° to 100° C. for 30 minutes or by using a known Vi antiserum. 

10. In the preparation of bacterial antigens and especially those of P. tularensis, 
Br. abortus and Br. melitensis, great care must be exercised against accidental labora- 
tory infections. 

11. Prozone or agglutinoid reactions may occur in which the lowest dilutions of 
serum show no agglutination at all or less than produced by higher dilutions. There- 
fore, quantitative tests are always advisable as a safeguard against possible diagnostic 
errors 

12. Aging sometimes renders antigens hyperagglutinable; this is particularly true 
of rickettsial antigens and should be suspected if a number of unexplained positive 
reactions are observed. 

13. Agglutination tests are only of limited value in the diagnosis of actinomycosis, 
sporotrichosis, moniliasis and other mycotic diseases, and in infections due to the 
cocci. This is due to the low production of agglutinins and difficulties experienced in 
the production of suitable antigens. 

14. Agglutination tests are practically of no value as aids in the diagnosis of 
protozoal diseases like malaria, leishmaniasis and trypanosomiasis. 

15. Certain antigens of the shigella are inagglutinable until heated. Shigella 
alkalescens, for example, should be placed in a boiling water bath for 30 minutes before 
being used as an agglutination antigen. 

16. Opsonocytophagic tests may be employed as additional diagnostic aids in 
brucellosis, pertussis and other infections but are of limited value. 


METHODS FOR THE PREPARATION OF ANTIGENS 

Antigens for the macroscopic tube and rapid slide agglutination tests are commer- 
cially available (A. S. Aloe Co., 1831 Olive Street, St. Louis 3, Mo., and Lederle Labor- 
atories, Pearl River, N. Y.) prepared of Salmonella typhosa (H and O), S. paratyphi 
(A and B), Brucella abortus and Proteus vulgaris (OX;9). The A. S. Aloe Company 
also supplies antigens of Br. melitensis for the macroscopic tube and rapid slide 
agglutination tests, and both companies supply antigens of Pasteurella tularensis for 
the macroscopic tube agglutination tests. Otherwise antigens may be prepared as 
follows: 

Living Antigens. Antigens of living microorganisms are not commonly employed 
except in the conduct of the slide agglutination test for typhoid and paratyphoid fevers 
and in tube tests for leptospirosis (using a mixture of active motile Leptospira 
icterohaemorrhagiae and L. canicola), and rickettsial infections (Proteus OX strains). 
When actively motile organisms are used, the cultures should consist of selected actively 
motile cells. The cultures of typhoid or paratyphoid bacilli may be grown in infusion 
broth for 18 to 24 hours. At 25° C. (on top of the incubator) longer fornis usually 
occur. Do not shake the culture; use upper part. Stock cultures on agar slants may be 
kept in a refrigerator and transplanted at intervals. When tests are frequently con- 
ducted the broth cultures should be subcultured daily. Gilbert and Coleman recommend 
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heavily inoculated 2- to 4-hour cultures in bile peptone solution. The culture should 
be free of clumps or spontaneous agglutination. 

Phenolized Antigens for Macroscopic Tube Tests. 1. Cultivate the micro- 
organism on a suitable solid medium for 24 to 48 hours. Examine stained smears and 
exclude growths showing contamination. 

2. Wash off the growths with small amounts of 0.5 per cent phenol in saline solu- 
tion. Due care should be taken to avoid particles of culture medium. 

3. Transfer the suspensions to a sterile flask carrying glass beads and shake 
sufficiently to secure an even suspension. 

4. If necessary, filter through several layers of sterile cheesecloth or paper to 
remove large clumps of bacteria and particles of culture medium. 

5. An alternate method consists in cultivating the microorganism in a suitable 
fluid medium. Examine stained smears and exclude growths showing contamination. 
Carefully transfer the culture to centrifuge tubes and centrifuge sufficiently at high 
speed. Discard the supernatant fluid, suspend the sediment of bacteria in phenolized 
saline solution, shake with glass beads and filter if necessary. 

6. Dilute the suspension with phenolized saline solution to correspond approxi- 
mately to about 3000 million per ml. corresponding to tube No. 10 of the barium 
sulfate nephelometer (McFarland). 

7. Incubate at 37° C. for 24 hours during which sterilization usually occurs if 
spores are absent. For use, dilute 1:3 with phenolized saline. The turbidity should 
approximate tube No. 3 of the barium sulfate nephelometer (McFarland). 

Heat-Killed Antigens for Macroscopic Tube Tests. These are also used in 
macroscopic tube agglutination tests and are prepared in the same manner as phenol- 
ized antigens except that the suspensions are diluted to the desired concentration with 
sterile saline solution and heated in a water bath at 60 to 65° C. for 1 hour. To each 
90 ml. add 10 ml. of a 5 per cent solution of phenol or tricresol (final concentration 
of 0.5 per cent) as a preservative. Alternate preservatives consist of adding 10 ml. of 
1:1000 merthiolate to 90 ml. of suspension (final concentration 1:10,000) or 0.1 ml. 
of formalin to 100 ml. of suspension. 

Formalinized Antigens for Macroscopic Tube Tests. This method is preferred 
for the preparation of antigens for routine macroscopic tube and slide agglutination 
tests. In the case of motile bacilli it yields the H or flagellar antigen giving floccular 
agglutination reactions. 

1. Cultivate the microorganism on a sufficient number of slants of suitable medium 
at 37° C. for 18 to 24 hours. Prepare and examine smears of each stained by the 
method of Gram and discard those showing contamination. 

2. With a sterile pipet, add 2 to 3 ml. of sterile saline solution to each slant and 
remove the growths. Transfer the suspensions to a sterile flask, carefully avoiding 
contamination. 

3. With a sterile pipet fitted with a cotton plug to which is attached a 12 to 15 
inch piece of rubber tubing with a mouthpiece, transfer 5 ml. of suspension to each 
of a sufficient number of Blake bottles of suitable solid medium. Spread the suspension 
over the surface of each bottle and incubate at 37° C. for 18 to 24 hours with the 
bottles tilted so that the excess fluid collects at the bottom. 

4. Examine the bottles and discard any showing gross contamination. Allow the 
remaining ones to lie flat for 1 or 2 hours so that the surface of each will be entirely 
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covered by the fluid. The bottles are then rocked back and forth until each growth is 
well emulsified. Prepare and examine a smear of each stained by the method of Gram 
and discard those showing contamination. 

5. To each bottle add 10 ml. of buffered saline solution containing 2 per cent 
formalin. The buffered saline solution is prepared by adding 6.8 gm. of sodium chloride 
and 2 gm. of sodium phosphate to 1,000 ml. of water. The pH should be 8.4 to 8.6. 
Filter through hard paper and autoclave at 121° C. for 20 minutes. Keep in the 
refrigerator for 48 hours and culture for sterility. 

6. Remove the sterile suspensions to a sterile flask and dilute with the formalinized 
buffered saline solution to give a turbidity corresponding to 10 times that of tube No. 3 
of the barium sulfate nephelometer (McFarland). 

7. For use, dilute 1:10 with saline solution. The final concentration of formalin is 
0.2 per cent. 

8. An alternate method which is particularly useful in preparing antigens of 
Pasteurella tularensis, Brucella abortus (strain 456 of the National Institutes of 
Health) and Br. melitensis consists in inoculating Blake bottles by dipping sterile 
swabs in the suspension, squeezing out the excess by pressure against the inside of the 
bottles and then quickly rubbing the swab over the surface of the medium, the slight 
roughening of which is helpful in obtaining heavier growths. After incubation the 
growths are harvested by adding 10 to 15 ml. of formalinized buffered saline solution 
to each bottle and allowing the fluid to remain on the surface for about an hour or 
until the growth is loosened. The emulsions are then removed, mixed, and filtered 
through several layers of sterile gauze to remove small particles of medium before the 
antigen is completed, as previously described. In the case of Br. abortus antigen the 
suspension should be heated in a water bath at 60° C. for 1 hour. 

Formalinized Antigens for Rapid Slide Tests. 1. The technic is the same as 
that just described except that not more than 5 ml. of 0.5 per cent formalin in 12 per 
cent sodium chloride solution are added to each Blake bottle. 

2. Remove the suspensions, mix, filter through at least 8 layers of sterile gauze, 
and centrifuge at high speed in graduated centrifuge tubes for 1 or more hours to pack 
the microorganisms as completely as possible. Decant and save the supernatant fluid. 

3. To each 1 ml. of packed microorganisms add 5 to 7 ml. of the supernatant fluid 
and mix thoroughly. 

4. In the case of Br. abortus and Br. melitensis antigens, remove the growths from 
the Blake bottles with 0.5 per cent formalin in a solution containing 12 per cent sodium 
chloride and 20 per cent glycerin. Heat in a water bath at 60° C. for an hour before 
filtering, centrifuging and completing the antigen. Huddleson advises placing the 
suspensions in a Pyrex beaker, boiling slowly for 10 minutes and cooling rapidly before 
filtering, centrifuging and completing the antigen. The reaction should be adjusted 
to pH 6.8. 

Alcoholic Antigens for Macroscopic Tube Tests. Antigens prepared with alcohol 
are of the somatic or O type and give granular agglutination reactions. 

1. The technic is the same as described for the preparation of formalinized antigens 
except that Blake bottles are inoculated with swabs, as previously described, and the 
growths removed after incubation by aciding 10 ml. of 0.5 per cent phenol in saline 
solution to each bottle instead of formalinized saline solution. 
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2. The mixed suspensions in the flasks are then treated with sufficient ethyl alcohol, 
while constantly rotating the flask, to give a final concentration of 50 per cent absolute 
alcohol, or 54 per cent of 95 per cent alcohol. 

3. After incubation overnight at 37° C., decant the supernatant fluid into a sterile 
bottle or flask and discard the sediment. 

4. Culture for sterility. Adjust turbidity to approximately 10 times that of tube 
No. 3 of the barium sulfate nephelometer. The diluent consists of 0.5 per cent of 
phenolized saline solution to which is added sufficient alcohol to give a final concentra- 
tion of 30 per cent. 

5. For use, dilute 1:10 with saline solution. The antigen contains approximately 
0.05 per cent phenol and 3 per cent alcohol. Store in the refrigerator. 

Alcoholic Antigens for Rapid Slide Tests. The technic is similar to that described 
for the preparation of formalinized antigens for the rapid slide test. 

1. After centrifugation the supernatant fluid is discarded and the packed micro- 
organisms pooled, using sufficient 0.85 per cent saline solution for transfer purposes. 

2. Place the concentrated suspension in a flask and add 15 to 20 volumes of 
absolute ethyl alcohol with vigorous shaking for 10 minutes and heat at 60° C. for 
1 hour. 

3. After the organisms have sedimented, decant the alcohol leaving the white 
flocculent precipitate of microorganisms which is suspended in 0.85 per cent saline 
solution. 

4. Add sufficient 1 per cent aqueous solutions of gentian violet and brilliant green 
to give a final concentration of 1:40,000 of the former and 1:20,000 of the latter. 
These dyes prevent contamination of the antigens during use and facilitate the reading 
of reactions. 

Collodion Particle Antigens. As shown by Jones (J. Exper. Med., 1927, 46:303 
and 1928, 48:183) collodion particles are capable of adsorbing protein antigens which 
render the antigens more sensitive to agglutinins and precipitins than the antigens 
alone. Consequently the use of collodion particle antigens has been proposed by Eisler 
(J. Immunol., 1941, 42:405) and others for rendering agglutination tests more sensitive 
and especially with antigens of streptococci, pneumococci and staphylococci for which 
agglutinins occur in only very small amounts in human sera. Thus Saslow and Camp- 
bell (Pub. Health Rep., 1949, 64:424) have found collodion particle antigens of 
Histoplasma capsulatum highly sensitive in agglutination tests in histoplasmosis 
although about 30 per cent of normal sera yielded weakly positive nonspecific reactions. 

Calvelti (J. Immunol., 1947, 57:141) has described a method of preparing collodion 
particle antigens for macroscopic tube agglutination tests and Burger (J. Lab. & Clin. 
Med., 1944, 29:352) a method of preparing antigens for microscopic agglutination 
tests. In the macroscopic tube agglutination test reactions may be recorded as follows: 


4+ = agglutinated particles flaky and 1-112 mm. or more in diameter. 
3+ = suspending menstruum clear with flaky particles less than 1 mm. in diameter. 


2+ = finely granular particles in a slightly cloudy menstruum. 
1+ = exceedingly fine particles suspended in a menstruum more cloudy than in a 2+ 


reaction. 


Titration of Antigens. It is always advisable to titrate antigens for agglutinability 
with known positive human or rabbit immune sera and also with known normal human 
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sera for spontaneous agglutination or other causes for nonspecific positive reactions. 
For these purposes antityphoid (H and O), antiparatyphoid (A and B), antibrucella 
(abortus and melitensis). antitularemia and antiklebsiella pneumoniae (A and B) 
sera may be obtained from the A. S. Aloe Company and antityphoid, antiparatyphoid 
(A and B) and antitularemia sera from the Lederle Laboratories. 

ANTIGENS FoR Macroscopic Tuse Tests. The technic of titration of phenolized, 
heat-killed, formalinized and alcoholic antigens is the same as that given later for the 
macroscopic tube agglutination test except that 2 rows of tubes are used, the first carry- 
ing a series of dilutions of known positive serum and the second a series of similar 
dilutions of known negative serum. 

ANTIGENS FoR Rapip Stipe AGGLUTINATION Tests. Formalinized and alcoholic 
antigens for these tests may be titrated as follows: 

1. In a series of 4 small test tubes prepare 1:2, 1:4, 1:8 and 1:16 dilutions of 
antigen. In the case of a formalinized antigen use the supernatant fluid retained in its 
preparation as the diluent. For alcoholic antigens use a 2.5 per cent solution of absolute 
ethyl alcohol in saline solution as the diluent. 

2. In a series of 4 small test tubes prepare 1:40, 1:80, 1:160 and 1:320 dilutions 
of a known positive serum, using normal saline solution as the diluent. At the same 
time prepare 4 similar dilutions of a known negative serum. 

3. With a wax pencil, divide each of 4 slides into 2 rows of 4 squares each. 

4. Place a 5 mm. loopful of antigen 1:2 in each of the 8 squares of a slide. To each 
of the upper 4 squares add a loopful of 1:40, 1:80, 1:160 and 1:320 dilutions of posi- 
tive serum respectively. To each of the 4 lower squares add a loopful of the 4 dilutions 
of negative serum respectively. 

5. Gently rock the slide back and forth 15 to 20 times to mix the antigen and sera. 
The final dilutions of each serum are now 1:80, 1:160, 1:320 and 1:640 respectively. 

6. Read the reactions at once while holding the slide over a lamp, so that the light 
is transmitted through the slide but not directly into the observer’s eyes. 

7. Positive reactions may be recorded as 4 + (complete agglutination), 3 + (75 
per cent agglutination), 2 + (50 per cent agglutination), and 1 + (25 per cent 
agglutination). Negative reactions should be observed with the normal serum unless 
it contains sufficient natural agglutination to give a positive reaction with the 1:80 
dilution. 

8. Set up similar slides with the 1:4, 1:8 and 1:16 dilutions of antigen. 

9. The highest dilution of antigen showing satisfactory agglutination with final 
dilutions of positive serum 1:160 or higher is the dilution to employ. The antigen 
should be diluted to this concentration with the diluent employed in the titration. 


MACROSCOPIC TUBE AGGLUTINATION TEST 


1. The serum should be clear, free of erythrocytes and not too heavily discolored 
with hemoglobin. If necessary, centrifuge the specimen. 

2. Arrange 10 small test tubes (100 & 13 mm.) in a rack. 

3. Place 0.9 ml. of saline solution in the first tube and 0.5 ml. in each of the 
remaining tubes. 

4. Place 0.1 ml. of serum in the first tube; mix, transfer 0.5 ml. to tube No. 2: 
mix, transfer 0.5 ml. to tube No. 3 and so on to tube No. 9 from which 0.5 ml. is 
discarded. 
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5. To each tube add 0.5 ml. of antigen (well shaken) and mix thoroughly. The: 
final dilutions of serum in the first nine tubes are now 1:20, 1:40, 1:80, 1:160, 1:320, 
1:640, 1:1,280, 1:2,560 and 1:5,120 respectively. Tube No. 10 is the antigen control. 


6. It is advisable to set up tests employing known positive and negative sera at 
the same time and in the same manner. 


7. The period of incubation before reading and recording the reactions varies with 
the antigens employed. Thus, the recommended period for H and O antigens of typhoid 
and paratyphoid bacilli and Shigella dysenteriae, is 15 to 20 hours at 52° C.; for 
brucella antigens, 24 hours at 52° C. or 4 hours at 52° C. followed by overnight at 
4°-6° C.; for Pasteurella tularensis antigen, 2 hours at 37° C. or overnight at 4°-6° C.; 
for rickettsial antigens, 2 hours at 37° C. followed by overnight at 4°-6° C. A special 
viewer (Fig. 333) aids in making the readings. 


Fig. 333. Adams test tube agglutination viewer. 
(Courtesy of the Clay-Adams Company, Inc.) 


8. The antigen control should show no agglutination. It should be uniformly turbid. 
If there is any settling at all, it should show only as a small deposit in the bottom of 
the tube which is readily resuspended by gentle mixing. Examine the negative serum 
control to eliminate any possible nonspecific or spontaneous agglutination in dilutions 
other than those considered within the normal limits of agglutination due to natural 
agglutinin. The positive controls should show marked agglutination indicative of a 


satisfactory sensitivity of the antigen. 
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9. Positive reactions (Fig. 334) may be read and recorded for each tube as follows: 


4+ = complete agglutination with a solid disk of bacteria and clear supernatant fluid. 
3+ = large clumps of bacteria and a clear supernatant fluid, but without complete settling 
of the bacteria to the bottom of the tube. 
2+ = agglutination with incomplete clearing of the supernatant fluid. 
1+ = agglutination with turbid fluid, but with clumps visible to the unaided eye. 
+ = agglutination which requires the use of a hand lens for visualization. 


Fig. 334. Positive macroscopic agglutination reaction. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 


With phenolized, heat-killed and formalinized (H) antigens the agglutinated micro- 
organisms occur as flocculent sediments; with alcoholic (O) antigens the sediments are 
granular and less voluminous. To examine sediment, hold the tube rigid at the top and 
gently tap the bottom just sufficiently to stir up the sediment which appears as masses 
or clumps in positive reactions. Too much agitation may resuspend the antigen. 

Centrifuging the tubes for 10 minutes at 2000 r.p.m. followed by shaking will often 
reveal agglutination when it was not otherwise apparent. Centrifuging after a short 
period of incubation and shaking is also helpful when an early report is required. 

10. The highest final dilution of serum showing a 1+ reaction may be regarded 
as the titer. 


RAPID SLIDE AGGLUTINATION TESTS 

1. In a series of 7 small test tubes prepare 1:10, 1:20, 1:40, 1:80, 1:160, 1:320 
and 1:640 dilutions of serum with saline solution. 

2. With a wax pencil divide a slide into 2 rows of 4 squares each. 

3. Place a 4 mm. loopful of each of the 7 dilutions of serum on the first 7 squares 
respectively; on the eighth square place a loopful of saline solution (antigen control). 

4. Add a loopful of antigen to each square. Gently rock the slide back and forth 
15 to 20 times. The final dilutions of the serum in the first 7 squares are now 1:20, 
1:40, 1:80, 1:160, 1:320, 1:640 and 1:1,280 respectively. 

5. Read the reactions at once while holding the slide over a lamp, so that the light 
is transmitted through the slide but not directly into the observer’s eyes. 
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6. The eighth square (antigen control) should show no agglutination. Positive 
reactions may be recorded as 4 + (complete agglutination), 3 + (75 per cent aggluti- 
nation), 2+ (50 per cent agglutination) and 1+ (25 per cent agglutination). The 
highest final dilution of serum giving a 1+ reaction may be regarded as the titer of 
the serum being tested. 

7. It is advisable to conduct duplicate tests with known positive and negative sera 
as controls. 

8. When large numbers of sera are to be tested with typhoid and paratyphoid 
antigens a screen test is permissible. This is conducted by using a loopful of antigen 
and a loopful of undiluted serum. Negative reactions may be reported, but all sera 
showing positive reactions must be retested by the previously described quantitative 
method, or preferably by the macroscopic tube method. 

Huddleson Rapid Slide Aggluti- 
nation Test. This test affords a rapid 
and satisfactory method for conduct- 
ing agglutination tests for brucellosis 
in human beings or cattle, using an 
antigen of Brucella abortus. The fol- 
lowing are required: (a) serologic 
pipets of 0.2 ml. capacity graduated 
to 0.01 ml., (J) a plate of double 
thickness window glass (14 by 6 
inches) ruled with a diamond point 
into inch squares (12 horizontally and 
5 vertically), and (c) a darkfield 
illumination box (Fig. 335) which 
may be dispensed with if the glass 
plate is placed upon an ordinary lab- 
oratory table with a black back- 
ground. The technic is as follows: 

1. Separate the sera from the clots 
and centrifuge if necessary to remove 
corpuscles. Use unheated. 

2. The darkfield box should be Fig. 335. Darkfield illumination box; placing serum 
placed where it 1s not too intensely (Huddleson). 
lighted, as too much light from above 
interferes with the indirect lighting of the plate from inside the box. A desk lamp is of 
great advantage while the serum and antigen are being placed on the plate but it should 
be turned off when the tests are ready to be read so as not to interfere with the indirect 
lighting from the box. Do not turn on the light in the box until ready to read the test 
as the plate will otherwise become too warm. 

3. Arrange the serum samples in a row parallel with the box. The glass plate, with 
the etched squares upward, is placed over the opening of the box and the identification 
number of the serum sample marked with a wax pencil on either the top or bottom of 


the row of squares used. 
4, With a clean 0.2 ml. pipet, draw up serum from the first blood sample to the zero 
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mark on the pipet. Beginning in the bottom left-hand square of the plate, place the 
following amounts of serum in the succeeding squares towards the top (see Fig. 335): 


READING ON PIPET 


iste, Sewers (OMS aN, gard ihy ad as ooo 0.08 

exel Sowers (OWS wml) oo. csc ce eye aos 0.12 

Sud. sqare:: (O02 mil )hus «ceee tee mae 0.14 

MBL ogoqoenne. (COLON tam). soaks seed oe ae 0.15 

Sthesatare, (O004n™M 1G) =e enone eeemnhons about midway, 
0.15 and 0.16 


5. Chis manner of placing the serum brings the smallest amount farthest from the 
heat of the electric bulb, reducing the rapidity of drying of the smallest amounts of 
serum. The procedure is continued, using the next set of vertical squares and a separate 
pipet for each sample. The best re- 
sults are obtained by testing only 4 or 
5 samples at a time, as otherwise the 
small amounts of serum dry out too 
much before the test is completed. 

6. If the pipet has been placed 
deep in the serum, there will be some 
serum which will collect on the out- 
side at the tip. For accuracy, this 
should be removed by touching the 
tip of the pipet against the lip of 
the vial. 

7. After thoroughly shaking the 
Fig. 336. Agglutination test for brucellosis; adding vial, remove a dropper full of the 

antigen (Huddleson). antigen. Holding the dropper in a 

vertical position, add 1 drop to each 

amount of serum on the plate. Care should be taken to hold the dropper in a vertical 

position since holding it at another angle will considerably alter the amount of antigen 
delivered. Always replace the dropper directly in the vial of antigen (Fig. 336). 

8. The final dilutions are now 1:25, 1:50, 1:100, 1:200 and 1:500. 

9. With a clean toothpick mix the serum and antigen, using a new toothpick for 
each sample. Always start at the top of the plate in the square containing the smallest 
amount (0.004 ml.) of serum and continue downward to the largest amount. Spread 
the mixture over about 34 the area of the square without coming in contact with the 
etched dividing lines. 

10. Immediately after the samples have been mixed, remove the plate from the 
box and tilt slightly backward and forward slowly for about 2 minutes. Place the plate 
on the box, turn on the light and record the results. When working without the box, 
make the readings against a light so that the plate is illuminated from beneath. 

11. The reactions stand out very clearly as shown in Figure 337. It is not difficult 
to distinguish between complete clumping of the antigen and different degrees of 
incomplete clumping, ¢é.g. in sample 6 there is complete agglutination in all amounts of 
serum, while in sample 4 the clumping is complete in only the last 3 amounts. A nega- 
tive serum (sample 1) causes no flocculation of the antigen. There are often encoun- 
tered, however, sera which produce a trace of flocculation in the 0.08 ml. amount. 
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In the test tube method, this occurrence will often pass unobserved unless viewed with 
a hand lens. This type of clumping appears to be due to the presence of natural agglu- 
tinins in the serum. 

12. Immediately after using, the pipets should be rinsed several times with fresh 
water until thoroughly clean. Then boil in distilled water and drain all the water out 
before using again. The glass plate may be cleansed with cleaning powder and brush, 
after which it is rinsed with distilled water and dried. By having several clean plates 
available, one can proceed with the testing of additional samples without delay. Abso- 
lute cleanliness of glassware is essential. 

13. With human sera a positive reaction in a titer of 1:100 is considered diagnostic 
of brucellosis. With cattle sera a positive reaction in a dilution of 1:50 is suspicious 
of present or past infection, while 
positive reactions in 1:100 or higher Se ae pas Pehear PT cso, 
are diagnostic. Agglutinins generally 
appear in the blood after the infec-  .004ml. 
tion has been present for a week or 
longer. imi. 

14. This test can be conducted 
with milk from cows for the detec- 
tion of those carrying Brucella 
abortus in the udders as follows: 

(a) Collect separate samples of 
the fore milk from each quarter, 
using clean, sterilized vials of about  .08ml. 
Y ounce capacity. Before collecting 
the samples, place in each vial a Fig. 337. Different degrees of agglutination reactions 
small amount of rennin powder in brucellosis (Huddleson). 

(about what can be picked up be- 

tween the prongs of a small pair of forceps or on the tip of a small knife blade). Then 
draw the milk directly into the vial and place in a slanting position. The whey will 
separate out in about an hour at room temperature. 

(b) The test is conducted with the whey in exactly the same manner as sera. 


04m. 
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Typhoid and Paratyphoid Fevers. This test may be employed in conducting the 
Widal or agglutination test for typhoid and paratyphoid fevers, but has been largely 
replaced by the macroscopic tube agglutination test employing formalinized (flagellar 
or H) and alcoholic (somatic or O) antigens. Since living cultures are employed, due 
care must be exercised and the slides and coverglasses placed in a disinfectant solution 
or boiled for 5 minutes before handling and cleaning. The working table should be 
wiped with a disinfectant solution. The technic may be as follows: 

1. Take 2 small test tubes and place 0.05 ml. of serum in each. 

2. To one add 1.0 ml. of saline solution and to the other 2.0 ml., making dilutions 
approximately 1:20 and 1:40 respectively. 

3. Place 1 loopful of culture of typhoid bacillus antigen in the middle of each of 
3 coverglasses. 
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4. To the first, mix 1 loopful of serum diluted 1:20. To the second, mix 1 loopful 
of serum diluted 1:40. To the third, mix 1 loopful of saline solution which is the 
antigen control. 

5. Mount each in Vaseline or hanging drop slide. The final dilutions obtained are 
1:40 and 1:80; therefore, mark the slides as follows: No. 1, 1:40; No. 2, 1:80; and 
No. 3 control. 

6. Make similar preparations with a culture of group C paratyphoid bacillus. 
Group A bacilli may also be used but they rarely give positive reactions. 

7. Allow to stand at room temperature or preferably in an incubator at 37° C. 
for an hour. . 

8. Examine with low power objective using very subdued light. Controls should be 
inspected first and should not show any clumping or loss of motility. 

9. Examine the 1:40 and 1:80 dilutions for loss of motility and agglutination 
(Fig. 338). 

10. Higher dilutions may be employed, but those given are ordinarily sufficient. 

Leptospiral Jaundice. 1. In all of a series of 10 small (75 X 10 mm.) test tubes 
place 0.2 ml. saline solution except in No. 1. 

2. Place 0.2 ml. serum in Nos. 1 and 2. Mix No. 2 and transfer 0.2 ml. to No. 3 
and so on to No. 9 from which discard 0.2 ml. after mixing. No. 10 is the culture 
antigen control. 

3. Add 0.2 ml. of a mixture of living cultures of L. icterohaemorrhagiae and 
L. canicola containing actively motile leptospira to all tubes. Otherwise the test may 
be conducted separately with the two culture 
antigens. 

4. Set up similar tests with known negative and 
positive sera. 

5. Mix by shaking and incubate for 2 hours at 
35°-37° C. The final dilutions of serum are 1:2 to 
Peal. 

6. Examine wet preparations by darkfield illumi- 
nation for agglutination. Loss of motility and defi- 
nite clumping are significant even in low dilution or 
in the undiluted serum (tube No. 1) since aggluti- 
nation occurs only with the sera of individuals who 
Fig. 338. A positive Widal reaction have or have had leptospiral jaundice. 

(Wood). AGGLUTINATION-Lysis TEstT. As an aid in the 

diagnosis of leptospiral jaundice this test may be 

conducted as follows: 1. In a small test tube place 0.5 ml. of a culture of L. ictero- 
haemorrhagiae 0.5 ml. of fresh unheated patient’s serum and 1.5 ml. of saline solution. 

2. Mix and inject the whole into the peritoneal cavity of a guinea pig. 

3. Inject a second guinea pig with a control mixture, using normal human serum. 

4. At intervals of 15 minutes withdraw small amounts of peritoneal fluid with fine 
capillary tubes and examine by darkfield for agglutination and fragmentation (lysis) 
of the leptospira. 

5. A positive reaction is indicated by agglutination with partial or complete frag- 
mentation (lysis) by the patient’s serum usually within an hour. 
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AGGLUTINATION TESTS FOR TYPHOID FEVER 


1. The test may be conducted microscopically with a living, smooth, agglutinable 
culture of the typhoid bacillus. Normal sera may agglutinate in final dilutions of 
1:20 to 1:30. Agglutination at 1:40 is suspicious and at 1:80 definitely indicative of 
typhoid fever, providing the patient has not been immunized with typhoid-paratyphoid 
vaccine, or been previously infected with a serologically related organism. 

2. The test is better conducted with H and O antigens according to the macro- 
scopic tube method. 

3. Normal sera may agglutinate H antigen at about 1:20 and O antigen in final 
dilutions up to about 1:80. 

4. Agglutination of H antigen at 1:40 is suspicious and at 1:80 or higher definitely 
indicative of typhoid fever in individuals who have not been previously immunized 
with typhoid-paratyphoid vaccine or infected with a serologically related organism. 

5. Agglutination of O antigen at 1:160 or higher is also indicative of typhoid fever 
in individuals who have not been immunized with typhoid-paratyphoid vaccine. 

6. Active immunization with typhoid-paratyphoid vaccine produces both H and O 
agglutinins. The presence of O agglutinin in high titer, with H agglutinin in low titer, 
is indicative of typhoid fever in a nonvaccinated individual. However, a very high titer 
of H agglutinin as, for example, 1:1,280 or 1:2,560, may be indicative of typhoid fever 
in a previously vaccinated individual as a recall phenomenon. Consequently, when the 
disease is suspected in a previously vaccinated individual the tests should be repeated 
every 3 to 5 days with the same antigens. If the titers progressively increase, and 
especially for O antigen, typhoid fever is most likely present. This is the only safe 
basis for serologic diagnosis. 

7. Acute infections such as influenza and brucellosis in individuals previously 
immunized with typhoid-paratyphoid vaccine may produce a high titer of H agglutinin 
with a low titer of O agglutinin, constituting a type of the anamnestic reaction. 

8. In vaccinated individuals a drop of H, and especially of O, agglutinins to normal 
levels may be indicative of the advisability of reimmunization with typhoid-paratyphoid 
vaccine. 

9. An increase of H, and especially of O, agglutinins is also of aid in the detection 
of typhoid carriers among nonvaccinated individuals. To be significant, the titer of 
H agglutinin must be above 1:20 and O agglutination above 1:100. The Vi agglutina- 
tion test, however, is much more useful for the detection of carriers. 

10. Because of the close relationship of the typhoid bacillus to the paratyphoid 
bacilli, agglutinins for the latter may be also increased in typhoid fever. However the 
titer is usually considerably lower for the paratyphoid bacilli than for the typhoid 
bacillus. However, successive agglutination tests with the H antigen of the typhoid 
bacillus showing a progressive rise in titer readily reveal the presence of typhoid fever. 


VI AGGLUTINATION TEST FOR DETECTION OF TYPHOID CARRIERS 


1. The sera of carriers or of individuals infected with typhoid bacilli contain anti- 
body against the Vi (virulence) antigen. This antibody disappears within a few weeks 
following recovery or termination of the carrier state. Therefore, the presence of Vi 
antibody is almost conclusive evidence of the carrier state. 

2. Vi antigen is one of the O antigens but differs from the others because it is 
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readily lost during cultivation of typhoid bacilli unless special precautions are taken. 
The egg medium of Bhatnagar (J. Hyg., 1938, 38:633) is probably the best for main- 
tenance of Vi cultures. It is prepared as follows: immerse 6 fresh eggs in 70 per cent 
alcohol for 10 minutes and collect contents aseptically in a weighed flask containing 
glass beads. Determine increase in weight and add sterile 0.5 per cent saline solution 
so that the volume in ml. is one-third the weight of the egg in gm. Mix by shaking 
thoroughly. Dispense aseptically into 150 & 16 mm. tubes and inspissate in a slanted 
position at 80° C. for 1 hour on 2 successive days. 

3. Vi antigen is very labile. Therefore, great care is taken to prevent loss of 
variation during subculture. Inoculate several slants of the medium using a single stroke 
of the needle from the base to the top of the slant. Incubate no longer than 15 to 18 
hours at 35° to 37° C. Seal the tubes with paraffin and place at once in the refrigerator. 
Repeat at 6 month intervals. 

4. To prepare antigen inoculate one beef infusion agar slant and incubate for 18 
to 20 hours at 35 to 37° C. Suspend growth in saline and adjust turbidity to approxi- 
mate that of the barium sulfate No. 3 standard. Store antigen in the refrigerator until 
used. Never allow it to stand at room temperature. A new antigen is needed each time 
the agglutination tests are conducted. 

5. Prepare saline dilutions of serum in a series of 5 small (75 & 10 or 100 & 13 
mm.) test tubes. Place 0.4 ml. of saline in the first tube and 0.5 ml. in the remaining 
four, as well as in a sixth (control) tube. Add 0.1 ml. of serum to tube No. 1, mix and 
transfer 0.25 ml. to tube No. 2. Repeat through tube No. 5 from which 0.25 ml. is 
discarded. 

6. Add an equal volume (0.25 ml.) of antigen to all tubes. 

7. The test should be controlled by inclusion of (a) a known Vi serum and 
(5) a serum known to contain H and O antibodies but not Vi antibody. 

8. Incubate for 2 hours at 35° to 37° C. and place in the refrigerator overnight. 

9. Examine for granular, O type, agglutination. If little or none is seen, centrifuge 
tubes for 10 minutes at 2,000 r.p.m. Shake gently and examine. Comparison of re- 
actions with those in the controls is very important. 

10. A 2+ or stronger reaction in the first (1:10) tube is probably significant since 
Vi antibody is rarely encountered in the absence of typhoid bacilli. However, the test 
should be repeated in 5 to 10 days for a rise in titer. 


AGGLUTINATION TESTS FOR PARATYPHOID FEVER AND OTHER 
SALMONELLA INFECTIONS 


1. As previously discussed in Chapter 31, a very large number of salmonella are 
capable of producing gastro-intestinal infections. When these are characterized by con- 
tinuous fever resembling mild typhoid fever, the infection is usually designated as 
“paratyphoid fever.” Otherwise, only a gastro-enteritis without prolonged fever may 
be produced, but it is often difficult to draw a sharp distinction. 

2. Paratyphoid fever is usually due to S. paratyphi A, B or C and especially 
S. typhimurium. Among the most frequent causes of other Salmonella infections pro- 
ducing gastro-enteritis are S. enteritidis, S. typhimurium, S. oranienburg, S. montevideo 
and S. cholerae-suis. 

3, Agglutination tests with patient’s serum for paratyphoid fever are usually con- 
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ducted with antigens of S. paratyphi B (representing the IV, V and XII salmonella), 
S. paratyphi C (C, or VI and VII groups), S. newport (Cy or VI and VIII) and S. 
typhosa (D or IX and XII groups). 

4. The tests may be conducted microscopically with living cultures as just de- 
scribed with the typhoid bacillus. Normal sera may agglutinate in final dilutions up 
to 1:20 or 1:30. Agglutination at 1:40 is suspicious and at 1:40 or higher diagnostic 
in the case of individuals who have not been immunized with typhoid-paratyphoid 
vaccine. 

5. The tests are better conducted, however, according to the macroscopic tube 
method with H and O antigens. 

6. Normal sera may agglutinate the H antigens at about 1:20 and the O antigens 
in final dilutions up to about 1:80. 

7. Agglutination of an H antigen at 1:40 is suspicious and at 1:80 or higher 
definitely indicative of paratyphoid fever in individuals who have not been previously 
immunized with typhoid-paratyphoid vaccine. The same is true of agglutination of an 
O antigen at 1:160 or higher under these conditions. Cross-agglutination reactions 
with H and O antigens of the various salmonella are commonly observed, but as a 
general rule, the titers will be highest for both the H and O antigens of the particular 
salmonella producing infection, especially the H antigen. Previous immunization with 
typhoid-paratyphoid vaccine, anamnestic reactions and the carrier state influence the 
reactions in the same manner as described in agglutination reactions in typhoid fever. 

8. In gastro-enteritis due to salmonella infections, agglutination tests conducted 
with patients’ sera are not usually of diagnostic value. Cultures of the living bacilli 
may be employed as antigens in microscopic tests; otherwise, H antigens are preferred 
for the conduct of macroscopic tube agglutination tests. 


AGGLUTINATION TEST FOR BACILLARY DYSENTERY 


1. Agglutination tests are of little or no value in the diagnosis of acute bacillary 
dysentery, but may be of diagnostic aid in chronic cases of the disease. 

2. Formalinized antigens of the shigella and the macroscopic tube agglutination 
test are recommended. 

3. Positive reactions in final dilution of serum 1:40 or higher with an antigen of 
Shigella dysenteriae are of diagnostic import. With antigens of Shigella paradysenteriae 
and Shigella sonnei positive reactions in final dilutions of serum 1:160 or higher may 
be regarded as of diagnostic value. 


STREPTOCOCCUS MG AGGLUTINATION TEST FOR PRIMARY 
ATYPICAL PNEUMONIA 


The hemagglutination test for primary atypical pneumonia is described in Chap- 
ter 32. Thomas and his associates (Science, 1943, 98:566; J. Exper. Med., 1944, 
80:391) have found that many patients convalescent from this disease develop agglu- 
tinins in their blood for streptococcus MG. This is a nonhemolytic streptococcus which 
is immunologically related to, but antigenically distinct from, Streptococcus salivarius, 
type 1. The part it plays in the etiology of primary atypical pneumonia is unknown. 
The technic of the agglutination test (J. Clin. Investigation, 1945, 24:227) is as 
follows: 
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1. Prepare the antigen from 18-hour broth cultures. Centrifuge and wash the 
organisms 3 times with saline solution and suspend them in sufficient saline solution to 
give a turbidity approximating No. 5 in the barium sulfate nephelometer (McFarland). 

2. Conduct a macroscopic tube agglutination test with unheated serum as described 
on page 756, except that the final dilutions of serum should range from 1:10 to 1:320. 
Dilutions lower than 1:10 are not employed because of the frequent occurrence of 
nonspecific reactions in 1:2 or 1:4 dilutions of either normal human or rabbit serum. 
Incubate in a water bath at 37° C. for 2 hours, followed by 18 hours in a refrigerator 
at 4° C. The tubes are then again placed in a water bath at 37° C. for 2 hours, 
because nonspecific agglutination may occasionally occur at 4° C. which disappears 
at 37° C. Shake the tubes and examine for agglutination. 

3. The agglutination titer is taken as the highest dilution of serum in which 
reactions of 1+ or more are observed. 


AGGLUTINATION AND OPSONOCYTOPHAGIC TESTS FOR 
BRUCELLOSIS 


1. Brucellosis may be due to infection with Brucella abortus, Brucella melitensis 
or Brucella suis. Most cases in the United States are due to Brucella abortus. The 
disease may be mistaken for typhoid fever. It is therefore a growing and praiseworthy 
custom routinely to conduct an agglutination test with Br. abortus antigen on all sera 
submitted for the typhoid and paratyphoid agglutination tests. 

2. The rapid slide or macroscopic tube methods may be employed. Formalinized 
antigens for the respective methods are preferred, but phenolized antigens, as well as 
heat-killed antigens preserved with formalin, are suitable. Some laboratories prefer to 
use routinely a separate antigen prepared of Br. melitensis at the same time, while 
others use a mixed antigen prepared of both Br. abortus and Br. melitensis. 

3. Blood for the agglutination and opsonocytophagic tests should be collected 
before the brucellergen skin test is conducted. 

4. About 98 per cent of the sera of normal individuals with negative skin reactions 
do not agglutinate in dilutions higher than 1:10. Agglutination at 1:30 to 1:50 or 
higher constitute a positive reaction under these circumstances. 

5. About 30 per cent of the sera of noninfected individuals with positive skin 
reactions may agglutinate in dilutions up to 1:100. Consequently, agglutination in 
dilutions higher than 1:100 is usually required for a positive reaction in this group. 

6. Positive agglutination reactions are usually indicative of brucellosis and espe- 
cially if they become progressively stronger when repeated at intervals. Positive reac- 
tions, however, may be due to previous unrecognized infections with brucella and 
result in diagnostic errors when occurring in individuals with other illnesses. 

7. Negative agglutination reactions alone or with negative skin and opsonocyto- 
phagic reactions do not necessarily exclude brucellosis. 

8. As shown by Calder (J. Bact., 1941, 41:593) agglutinin for Proteus vulgaris 
(OX19) may be increased in brucellosis, probably due to certain antigenic components 
shared by the respective somatic antigens. However, agglutinin for proteus does not 
progressively increase in brucellosis as in typhus fever and other rickettsial diseases. 
Agglutinin for Pasteurella tularensis is seidom produced and the titer is usually low. 

Opsonocytophagic Test. This test, modified after that of Huddleson, Johnson and 
Hamann (Am. J. Pub. Health, 1933, 23:917) may be conducted as follows: 
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1. Prepare a suspension of brucella by washing off cultures on a solid medium with 
0.4 per cent commercial formalin in normal saline solution. After standing for 24 hours 
at room temperature, centrifuge, discard the supernatant fluid and suspend the sedi- 
ment in sufficient 0.1 per cent formalin in normal saline solution to give a density equal 
to barium sulfate nephelometer tube No. 3 or of such degree that a wire loop can just 
be seen 2 cm. below the surface of the suspension in a test tube (Gates). 

2. Collect 2.0 ml. of blood in a small test tube containing 0.1 ml. of a 10 per cent 
solution of sodium citrate in normal saline solution. Mix to prevent coagulation and 
place in refrigerator. 

3. Within 4 hours place 0.1 ml. of citrated blood and 0.1 ml. of bacterial suspen- 
sion in a small sterile test tube. Mix thoroughly and place in a water bath at 37° C. 
for 30 minutes. Mix thoroughly, remove a small amount with a capillary pipet and 
prepare a thin smear in the same manner as for a differential leukocyte count. 

4. Dry quickly to prevent shrinkage of the leukocytes, pass the slide through a 
bunsen flame four times and allow to cool. Cover the smear with a 1:10 dilution of 
Ziehl-Neelsen carbolfuchsin and stain for 2 minutes; wash gently with tap water and 
allow to dry. Brucella and the nuclei of phagocytes stain a deep red; the cytoplasm is 
a light pink and the granules are not stained. Phagocytized brucella are easily counted. 

5. The average number of brucella engulfed by 25 leukocytes is determined. The 
absence of phagocytosis constitutes a negative reaction, from 1 to 20 brucella per cell 
slightly positive, 21 to 40 moderately positive, and over 40 strongly positive. 

6. About 70 per cent of normal individuals with negative skin reactions give 
negative opsonocytophagic reactions. About 98 per cent with positive skin reactions 
show positive opsonocytophagic reactions due to previous unrecognized infections with 
brucella. Positive skin and agglutination reactions, along with a negative or weakly 
positive opsonocytophagic reaction, are usually indicative of brucellosis. 


AGGLUTINATION TEST FOR TULAREMIA 


1. Formalinized antigen of Pasteurella tularensis (National Institutes of Health 
strain No. 38) and the macroscopic tube agglutination test are preferred. 

2. Agglutination at 1:80 or higher constitutes a positive reaction, but lower titers 
may be significant if there has been a previous negative reaction, or if a positive 
reaction is observed. Positive reactions do not usually occur until the second week of 
the disease so that, in suspected tularemia, several tests may be required before diag- 
nosis is established or the disease excluded. 

3. Cross agglutination with Br. abortus and Proteus vulgaris (OX19) may occur, 
but usually only in lower dilutions of serum. As in brucellosis, the acquired agglutinin 
tends to persist in the serum for years and even for the balance of life. 


AGGLUTINATION TESTS FOR TYPHUS FEVER, ROCKY MOUNTAIN 
SPOTTED FEVER AND OTHER RICKETTSIAL DISEASES 
1. The Weil-Felix agglutination test has proven of value in the diagnosis of the 
different types of typhus fever, Rocky Mountain spotted fever and other rickettsial 
diseases but is of limited value in differentiating among them. 
2. Living 24-hour broth culture antigens of the OX19 (National Institutes of 
Health No. 504), OX. and OXK strains of Proteus vulgaris are commonly employed 
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in the macroscopic tube agglutination test. Some laboratories prefer alcoholic antigens 
of these strains. Proper controls, consisting of a known positive human or rabbit 
immune serum and a known normal human serum, should always be tested at the same 
time. Slide agglutination tests are less accurate. 

3. Human sera do not ordinarily agglutinate antigens of these strains except in 
cases of infection, usually cystitis, caused by OX strains of proteus. 

4. As arule, in most typhus fever patients the agglutinin titer is 1:25 on the fourth 
day and 1:50 or higher by the eighth day. By the end of the second week it usually 
climbs to several thousands (even as high as 1:50,000), after which it declines rapidly 
during convalescence. The reaction usually becomes negative within 3 to 5 months after 
recovery. 

5. Agglutination at 1:160 or higher usually occurs in the western type of Rocky 
Mountain spotted fever as also in the eastern type of the disease. A test should be 
conducted as soon as the disease is suspected or when the eruption first appears, a 
second test on or about the twelfth day and a third during convalescence. A positive 
reaction is indicated by an increasing titer of agglutination. 

6. Occasionally patients with typhus or Rocky Mountain spotted fever do not 
develop agglutinins; this occurs more frequently in vaccinated persons who subse- 
quently contract typhus fever. 

7. In the rickettsial diseases cross agglutination reactions may occur with antigens 
of Br. abortus. 

8. The following table, after that by Felix (Brit. M. J., Nov. 21, 1942) modified 
by Plotz, may be helpful in the differentiation of typhus fever, typhus-like diseases 
and Rocky Mountain spotted fever. 


DISEASE 


Epidemic typhus 
Murine typhus 


Scrub typhus 


Rocky Mt. spotted fever 


Rickettsialpox 


9. It will be observed that the agglutinin titers in Rocky Mountain spotted fever 
may be of several types, a high OX,) with a low OX» or an increase of both or, 
occasionally, a low OX4, with a high OXs. 

10. The Weil-Felix reaction should be interpreted only as a preliminary test. 
OX antibody may be present as a result of infection with OX strains of proteus. 
Consequently the serum diagnosis of rickettsiosis includes serial or follow-up tests 
with specific rickettsial antigens as discussed in Chapter 21. 
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AGGLUTINATION TESTS FOR LEPTOSPIRAL JAUNDICE 


1. Leptospiral jaundice (infectious jaundice or Weil’s disease) is usually due to 
infection with Leptospira icterohaemorrhagiae and sometimes to Leptospira canicola. 
Leptospira grippotyphosa causes “swamp fever” or “harvest fever” while Leptospira 
hebdomadis produces “seven-day fever” in Japan, but these have not been reported so 
far in the United States. 

2. Microscopic agglutination tests employing living cultures of L. icterohaemor- 
rhagiae and L. canicola are very sensitive, but subject to technical error in the reading 
of reactions. Normal sera may show agglutination in final dilutions of 1:10 to as high 
as about 1:200. 

3. Formalinized antigens of leptospira have been employed by Brown (Brit. M. J., 
1939, 2:1183) and by Starbuck and Ward (J. Infect. Dis., 1942, 70:88) in the rapid 
slide agglutination test. The reactions are not as sensitive as those observed with the 
microscopic test, but are less subject to error and consequently more specific while 
sufficiently sensitive to be of value in the diagnosis of acute cases of leptospiral 
jaundice. 

4. With the rapid slide method normal human sera may agglutinate in final dilu- 
tions up to about 1:40. Immune agglutinins are stated to appear about the fifth day 
of illness with the production of weakly positive reactions (1:100). Subsequently, 
they rapidly increase, reaching a maximum by about the fifteenth day. Strongly 
positive reactions continue to occur for about 7 weeks, after which the agglutinins 
decrease but usually persist for several years after recovery. However, agglutinins may 
not develop in some mild cases or may increase to but a slight degree and then dis- 
appear within a few weeks. 


AGGLUTINATION TEST FOR PLAGUE 


1. Phenolized or formalinized antigens of Pasteurella pestis are used in the macro- 
scopic tube agglutination test. There is a strong tendency to spontaneous agglutination. 

2. Normal sera may agglutinate in final dilutions up to about 1:10. 

3. Immune agglutinins do not usually appear until about the ninth day of the 
disease, thus rendering the agglutination test of little value in early diagnosis. Aggluti- 
nation in final dilutions of serum 1:20 to 1:40 or higher, however, is of confirmatory 
value in the convalescent stage or after recovery. 


AGGLUTINATION TEST FOR PERTUSSIS 


1. Formalinized antigens of Hemophilus pertussis are employed in the macroscopic 
tube agglutination test. The antigen should be prepared of an agglutinable strain of 
the bacillus in phase I. 

2. Normal sera may give positive reactions in final dilutions up to 1:100. 

3. Positive agglutination in final dilutions of 1:200 or higher may occur in the 
paroxysmal or later stages of the disease. The test, therefore, is of no value in diagnosis 
during the early stages of pertussis. It is frequently employed as a measure of antibody 
production following active immunization with pertussis vaccine. 
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AGGLUTINATION TEST FOR GLANDERS 


1. Heat-killed antigen prepared of a suitable agglutinable strain of Malleomyces 
mallei and preserved with formalin in final concentration of 0.25 per cent is employed 
in the macroscopic tube agglutination test. The final dilutions of serum in the latter 
should be 1:100, 1:200, 1:400, 1:500, 1:800, 1:1,000. 

2. Normal human sera may agglutinate in final dilutions up to about 1:100. 
Normal horse and mule sera may give partial agglutination in final dilutions of serum 
up to 1:200 to 1:400. 

3. In acute glanders of man, agglutination may occur at 1:1,000 or higher; in 
chronic glanders the titer is usually very low and may fall within the normal range. 

4. In horses and mules agglutination at 1:800 is suspicious, and, at 1:1,000 or 
higher, diagnostic. 


32 


METHODS FOR CONDUCTING HEMAGGLUTINA- 
TION AND BLOOD GROUPING TESTS 


IsRAEL DAvIDSOHN 


MAJOR BLOOD GROUPS 

Principles. 1. The plasma of a patient (recipient) may agglutinate or hemolyze 
the corpuscles of a donor or the corpuscles of the recipient may be agglutinated or 
hemolyzed by the plasma of a donor. Blood transfusion requires, therefore, that the 
blood of a donor be compatible with that of the patient. Hemolysis does not occur 
without agglutination and since the latter is more easily detected, it is sufficient to 
test only for agglutination. 

2. According to Landsteiner, there are 4 major blood groups designated according 
to the International Nomenclature as O, A, B and AB. These depend upon the presence 
or absence of 2 agglutinogens A and B in the erythrocytes and 2 specific agglutinins, 
anti-A and anti-B, in the serum. If the corpuscles contain neither agglutinogen the 
serum contains both agglutinins and the blood belongs to group O (so-called universal 
donor). If the corpuscles contain agglutinogen A, the serum contains agglutinin anti-B 
and the blood belongs to group A. If the corpuscles contain agglutinogen B, the serum 
contains agglutinin anti-A and the blood belongs to group B. If the corpuscles contain 
both agglutinogens A and B, the serum is free of the agglutinins anti-A and anti-B 
and the blood belongs to group AB. In other words, the serum regularly contains the 
agglutinins for the absent agglutinogens; that is, corresponding agglutinins and 
agglutinogens do not coexist in the blood of an individual. 

3. The 4 major blood groups are also classified according to the numberings of 
Moss and Jansky as shown in Table 42. It is to be noted especially that group I 
of Moss corresponds to IV of Jansky and that IV of Moss corresponds to I of Jansky. 
If blood grouping is reported by numbers, it is essential therefore always to state 
whether the Moss or Jansky classification is being used, in order to avoid serious 
errors and accidents in blood transfusions. For this reason it is advisable to employ 
exclusively the Landsteiner or International Nomenclature. The percentages of the 
4 major blood groups vary according to race; according to Wiener, those shown in 
Table 42 are fairly representative of the distribution of blood groups in the Caucasoid 
population of the United States. 

4. As a rule agglutinogens are present in the corpuscles of the newborn but for 
several months to a year may be of low sensitivity to agglutination and difficult to 
demonstrate. Only about half of all newborn infants have demonstrable agglutinins in 
their sera; whatever agglutinins are present at birth are thought to be derived from 
the mother by filtration through the placenta. They are gradually acquired after birth 
but may not reach the proportions of adults until 2 or more years of age. 

hth! 
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TABLE 42. MAJOR BLOOD GROUPS 


international Agglutinogen Ageglutinin in 


Nomenclature Jansky | in Corpuscles | Serum or Plasma Percentages 


anti-A, anti-B 


anti-A 
A om 


A anti-B 
B 


BLOOD SUBGROUPS 


1. Agglutinogen A also exists in subgroups A;, Az and A3. Ag makes up approxi- 
mately 14 to % of all group A individuals. Subgroup As; is extremely rare. Since A» 
cells are not usually as susceptible to agglutination by anti-A serum as A, cells, it is 
evident that with a weak anti-A serum 20 to 25 per cent of group A individuals may 
be erroneously classified as group O. 

Group AB also contains the 3 subgroups AiB, AsB and A3B. A,B is about 1% 
times as common as A,B. In group AB errors in grouping are even more likely to occur, 
A»2B blood being erroneously classified as group B. 

2. Agglutinins for these subgroups occur only in blood belonging to groups O 
and B. Agglutinin anti-A will agglutinate both A; and A» corpuscles; agglutinin 
anti-A, will agglutinate only A; corpuscles; agglutinin anti-A, will agglutinate As and O 
corpuscles. But these agglutinins are usually of the “cold” type and consequently their 
presence in the blood of donors and recipients does not usually produce reactions. 
In other words, A; blood may be safely given to As patients, or Ay blood given to Ay 
patients; consequently, these subgroups are not ordinarily considered in pretransfusion 
blood tests. But these subgroup agglutinins may sometimes agglutinate at 15° to 20° C. 
and thereby lead to confusion and error in pretransfusion and agglutination tests con- 
ducted at room temperature. Furthermore, these subgroup agglutinins may be increased 
by multiple transfusions, especially with the blood of the same donor. They may also 
be produced during pregnancy through iso-immunization by the fetus. Under these 
circumstances they may agglutinate at body temperature (“atypical warm agglu- 
tinins”’) and their presence in the blood of recipients may produce reactions. It is there- 
fore advisable to select compatible donors whose blood does not contain these sub- 
group agglutinogens in the case of patients receiving multiple transfusions and for the 
transfusion of women during pregnancy and the puerperium. 

3. Human corpuscles contain the agglutinogens M and N, and may also contain 
agglutinogen P. Agglutinins for them, however, are but rarely found in normal blood. 
Furthermore, these agglutinogens are of very low antigenicity and agglutinins for 
them are not usually produced by multiple transfusions or during pregnancy. Because 
of this fact these agglutinogens and agglutinins are not routinely examined for in 
pretransfusion blood tests. Examinations for M and N agglutinogens, however, are 
very useful in connection with tests for the exclusion of paternity. 

4, The corpuscles of about 85 per cent ef human beings also contain the Rh aggluti- 
nogen (Rh-positive) discovered by Landsteiner and Wiener (Proc. Soc. Exper. Biol. 
& Med., 1940, 43:223). Agglutinin for it does not occur normally in the blood. 
However, the agglutinogen is antigenic and multiple transfusions with Rh-positive 
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corpuscles may produce an Rh agglutinin. The latter may also be produced during 
pregnancy through iso-immunization by the Rh agglutinogen in the fetus. The 
agglutinin in the blood of recipients may produce reactions upon transfusion with 
Rh-positive corpuscles; it is also responsible for erythroblastosis fetalis. Consequently, 
it is essential to select compatible donors whose corpuscles are Rh-negative for the 
transfusion of Rh-negative persons who have had previous transfusions (especially 
with Rh-positive corpuscles) and it is imperative that only Rh-negative blood be given 
to Rh-negative women. 

5. Bloods which lack their full complement of iso-agglutinogens and iso-agglutinins 
are known as defective blood groups. Thus, individuals of group A may show no 
agglutinins in the serum (A,o) or group O with only anti-A agglutinin (O,anti-A). 
Although the occurrence of this anomaly is very frequent in newborn infants, it rarely 
occurs in adults and most of the cases which have been reported were probably due 
to weak reactions which were overlooked. 


PRECAUTIONS IN PRETRANSFUSION BLOOD TESTS 


1. Although pretransfusion blood tests are in themselves relatively simple pro- 
cedures, their performance requires a high degree of individual and group responsibil- 
ity. In each laboratory where these tests are made there should be a standard routine 
procedure designed especially to eliminate mistakes and prevent accidents. Extreme 
care should be exerted to avoid confusion between specimens. All test tubes and slides 
should be labeled; the tubes containing serum and cell suspensions of the same 
individual should be kept adjacent; recipient’s blood may be kept in slightly longer 
tubes. 

2. For blood transfusion the recipient’s blood should be typed and a donor selected 
belonging to the same group. But direct matching is essential due to the existence not 
alone of subgroups and atypical agglutinins, but also of donors with unusually high 
agglutinin titers. Such high agglutinin titers may be dangerous when a so-called uni- 
versal donor O (I Jansky, IV Moss) is used. However, it is not quite safe to depend 
on direct matching alone since in cases of low titer agglutinins, incompatibility may 
escape attention. In other words, if only one of the two methods for selecting donors 
is to be depended on direct matching is preferable, but it is recommended that the 
blood of the recipient be typed and direct matching tests conducted with the blood of 
donors belonging to the same group for the final selection of a donor. 

3. Special care should be exercised in testing the blood of infants under 2 years of 
age, due to uncertainty in the time of appearance of permanent iso-agglutinins. 

4. Obviously only healthy donors should be chosen. Those with fever, anemia or 
jaundice should not be used. Syphilis and malaria should be excluded. 

5. It is always advisable to preserve blood specimens for rechecking if necessary. 


SOURCES OF ERROR IN PRETRANSFUSION BLOOD TESTS 


False Negative Reactions. Failure of agglutination resulting in falsely negative 
reactions may be due to various causes as follows: 

1. The use of weak anti-A and anti-B sera containing insufficient amounts of 
agglutinins. 

2. Undue haste in conducting the tests resulting in reading the reactions too soon 
after mixing corpuscles and sera. 


774 HEMAGGLUTINATION AND BLOOD GROUPING TESTS 


3. The use of too concentrated suspensions of corpuscles which may absorb all of 
the agglutinins present in weak or diluted sera, but fail to show agglutination. 

4. The use of corpuscle suspensions which have been kept too long with a conse- 
quent reduction or loss of sensitivity to agglutination. 

5. The use of corpuscles carrying agglutinogens which are too low in sensitivity 
to agglutinins, as in newborn infants, or in the fresh blood of adults in whom the A 
ageglutinogen is lacking in sensitivity. The latter case results in mistaking AB blood of 
subgroup A»B for group B and of mistaking A blood of subgroup Az for group O. 

6. The occurrence of marked hemolysis with the masking of agglutination when 
fresh and highly active sera are employed. The absence of clumps of erythrocytes 
(without regard for evidence of hemolysis) may suggest compatibility in direct 
matching tests. By keeping such a possibility in mind and comparing the slide with 
the control (cells and saline solution), the true nature of the phenomenon can easily 
be recognized. Hemolysis is readily detected by the increased transparency of the 
mixture and should be considered equivalent to agglutination. The phenomenon, 
which does not occur with inactivated or stored serum, is due to the presence of 
complement in fresh serum. 

False Positive Reactions. These may be due to various causes, as follows: 

1. Pseudo-agglutination, due to rouleaux formation (Fig. 339) in which the 
corpuscles occur in piles like coins, frequently found in persons with an increased 
sedimentation rate of the corpuscles. The phenomenon is favored by using serum in 
too high concentration and conducting the tests at too high temperature. This source 
of error is readily avoided by proper dilution of corpuscles and sera. 


ACECANS, 
~« ; So 


Fig. 339. Rouleaux formation. x 400. 
(From Wiener, Blood Groups and Transfusion. Courtesy of Charles C Thomas Company.) 


2. Auto-agglutination or agglutination of an individual’s erythrocytes by his own 
serum at room or lower temperatures but disappearing, as a rule, when the mixture is 
warmed to 37° C. This is due to the presence of an auto-agglutinin in the serum with 
a corresponding agglutinogen in the corpuscles. The phenomenon is particularly apt 
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to occur in paroxysmal hemoglobinuria, cirrhosis of the liver, hemolytic jaundice, 
Raynaud’s disease, trypanosomiasis and severe anemias, but may cause considerable 
confusion because the sera may also agglutinate the corpuscles of all other human 
beings regardless of the blood group. 

3. Bacteriogenic agglutination due to changes in erythrocytes and serum induced 
by bacterial contamination and consequently given this designation by Davidsohn and 
Toharsky (J. Infect. Dis., 1940, 67:25 and J. Immunol., 1942, 43:213). The part of 
the reaction due to contamination of erythrocytes was formerly known as “panag- 
glutination” or the ““Hiibener-Thomsen phenomenon” because the corpuscles are agglu- 
tinated by any normal human serum, including that of the patient from whom blood 
has been obtained. The reaction is likely to occur in tests on contaminated blood. 
Similarly, contaminated serum becomes panagglutinating. It may be avoided by 
using fresh corpuscles and anti-A and anti-B sera protected against bacterial con- 
tamination preferably by antiseptic technic or by suitable preservatives. 

4. Irregular or atypical iso-agglutination, due to anomalous or subgroup agglu- 
tinins in normal sera. They are usually weak and act only in the cold (“cold 
agglutinins”) but may cause agglutination at room temperature. If the anti-A and B 
testing sera are kept in a refrigerator, care should be taken that room temperature be 
approximated before using them. Such agglutinins can be removed by separating serum 
from corpuscles at 0 to 5° C. 

The most common of these atypical iso-agglutinins are (a) the anti-A, agglutinins 
occurring in individuals of subgroups A, and A,B, (0) anti-O agglutinins reacting 
with all group O corpuscles and less frequently with the corpuscles of A» occurring in 
persons of subgroups A; and A,B,, (c) agglutinins specific for corpuscles containing 
agglutinogen P and (d) unclassified irregular isoagglutinins. 

In addition to these irregular or atypical iso-agglutinins occurring in normal sera 
are those produced by iso-immunization from repeated blood transfusions and. during 
pregnancy (anti-Rh agglutinins). These immune iso-agglutinins cause more agglutina- 
tion at higher temperatures (best at about 37° C.) constituting the so-called “warm 
agglutinins” of Levine. 

5. Secondary coagulation may also give false positive reactions by simulating 
agglutination when unwashed corpuscle suspensions, prepared from whole blood taken 
directly from the finger, and fresh serum are used. It does not occur with washed 
corpuscle suspensions or when stored sera are employed. 

6. As shown by Wiener and his colleagues, false agglutination may also occur 
with sera derived from umbilical cord specimens of blood; they are thought to be due 
to the presence of Wharton’s jelly in the serum (J. Immunol., 1929, 17:545). 


METHODS FOR CONDUCTING BLOOD GROUPING TESTS 


Testing Sera. 1. Sera from individuals belonging to groups A and B are required. 
They should be of high titer. This is especially true of anti-A serum in order to detect 
and properly classify individuals belonging to the subgroups of A and AB (Aj, Ao, As, 
A,B, A.B and A;B) because the corpuscles of subgroups A», As, A,B, and A;B are not 
as susceptible to agglutination as A, and A,B corpuscles. Sera from healthy young 
adults are preferred since those prepared from the blood of young children and aged 
individuals are apt to be weak in agglutinins. 
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2. Blood from group A and group B donors should be collected aseptically by 
venipuncture in sterile centrifuge or test tubes. Allow the tubes to stand in a refrig- 
erator overnight for the absorption of any cold agglutinins by the corpuscles. Separate 
the sera (if necessary by centrifugation), being careful to avoid contamination with 
saliva if pipets are used. Inactivate the sera by heating in a water bath at 56° Ce ion 
30 minutes; this does not destroy agglutinins but tends to render positive reactions 
more definite and easier to read. 

3. To each ml. of anti-B serum add 0.01 ml. each of 1 per cent aqueous solution 
of neutral acriflavine and 0.5 per cent aqueous solution of basic fuchsin; to each ml. 
of anti-A serum add 0.01 ml. of 1 per cent aqueous solution of brilliant green, as 
recommended by Rosenthal (J. Lab. & Clin. Med., 1931, 16:1123). Otherwise, the 
sera may be preserved by adding 0.2 ml. of 1:1000 aqueous solution of merthiolate 
to each milliliter. Each serum should be carefully labelled and dated. They may be 
dispensed in stock bottles or in 1 ml. ampules (preferred) and kept in a refrigerator 
but should be allowed to warm up at room temperature before use. If kept in 1 ml. 
vials the warming up will take only a few minutes. 

4. According to the National Institutes of Health a satisfactory anti-A serum 
should agglutinate corpuscles of subgroup A, in a dilution of at least 1:256, corpuscles 
of subgroup Ay» in a dilution of at least 1:128, of subgroup A,B in a dilution of at 
least 1:128, and corpuscles of A»B in a dilution of at least 1:64. A satisfactory anti-B 
serum should agglutinate corpuscles of group B in a dilution of at least 1:256 and a 
satisfactory anti-Rh serum should agglutinate Rh corpuscles in a dilution of at least 
1:32. Titrations may be conducted as follows: (a) For each serum arrange 9 small 
test tubes and place 0.1, 0.4, 0.2, 0.2, 0.2, 0.2, 0.2, 0.2, and 0.2 ml. saline solution 
respectively; (4) add 0.1 ml. serum to Nos. 1 and 2; mix No. 2, transfer 0.2 ml. to 
No. 3 and discard 0.1 ml.; mix No. 3 and transfer 0.2 ml. to No. 4 and so on to No. 8 
from which discard 0.2 ml. after mixing (No. 9 is the corpuscle control); (c) add 0.2 
mi. of a 2.0 per cent suspension of washed (once) corpuscles in saline to each tube 
(use group B corpuscles in titrating anti-B serum and group A corpuscles in titrating 
anti-A serum); (d) mix all tubes and allow to stand at room temperature for 2 hours 
with occasional shaking when the readings are made. The final dilutions of serum are 
1:4, 1:10, 1:20, 1:40, 1:80, 1:160, 1:320 and 1:640 respectively. The highest dilution 
showing partial but definite agglutination as compared with the corpuscle control 
indicates the titer. 

5. Laboratories may maintain and replenish stocks of anti-A and anti-B sera by 
testing excess sera left over on their clots from specimens of blood submitted for the 
Wassermann test. Separate the sera and prepare suitable suspensions of the corpuscles 
in saline solution by breaking up the clots. Determine the blood group of the cor- 
puscles from each clot by the slide method (described later) using known anti-A and 
anti-B sera. The sera from clots of B blood have anti-A and those from clots of A 
blood have anti-B agglutinins. Titrate each serum for its agglutinin content. Pool and 
inactivate the satisfactory anti-A and anti-B sera and add a preservative to each as just 
described. Pillemer (Science, Jan. 15, 1943) has described a method for isolating and 
concentrating the agglutinins in anti-A and anti-B sera by precipitation of the anti- 
body proteins with methanol. 

Slide Methods. 1. Puncture a finger and collect 2 drops of blood in a small test 
tube carrying 2 ml. of saline solution; mix gently. 
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2. Divide a slide down the middle with a wax pencil. Mark the left side A and 
the right B. 

3. Place 1 drop of anti-A serum in the center of the A side of the slide and 1 drop 
of anti-B serum in the center of the B side. One drop of each is sufficient for the test. 

4. Add 1 drop of corpuscle suspension to each and mix by gently rocking the slide. 

5. If blood is not collected in saline solution, transfer a minute drop obtained by 
puncture to the drop of anti-A serum by means of a clean applicator and mix to a 
smooth suspension. With a fresh applicator, transfer a like drop to the anti-B serum 
and mix thoroughly. Never use the same applicator for both sera. 

6. Allow to stand for 3 to 5 minutes, occasionally rolling or tilting the slide to 
insure thorough mixing. If it is difficult to distinguish between true agglutination 
and rouleaux formation, stir again with the applicator, as rouleaux will be broken 
up to a smooth suspension thereby, but true agglutination will be unaffected. If definite 
agglutination has occurred at the end of 5 minutes, a reading and report may be made. 
If there is no definite agglutination, cover each mixture with a coverglass and examine 
at intervals (macroscopically and microscopically), making a final reading at the end 
of 30 minutes. Sometimes a final reading must be deferred for 60 minutes in the case 
of group AB blood; in this case it is advisable to ring the preparations with vaseline 
to prevent evaporation. 

7. The readings are made as follows (Fig. 340): (a) no agglutination by either 
anti-A and anti-B sera= group O, (0d) agglutination by anti-A but not by anti-B 
serum = group A, (c) agglutination by anti-B serum but not by anti-A serum = 
group B, (d) agglutination by both sera= group AB. Tests conducted with cor- 
puscles in saline solution are to be preferred, especially in the case of doubtful reac- 
tions; it may be necessary to examine the mixtures with low power magnification to 
determine the presence or absence of agglutination. A corpuscle control prepared of 
a drop of the suspension and a drop of saline solution is advisable. The best check is 
to test the serum of the person whose blood group is determined against red cells of 
known A and B groups. 

8. A large number of tests may be conducted simultaneously by an open slide 
method. For this purpose the micro test slide carrying twelve wells and the electric 
shaking machine of Boerner, are very satisfactory; likewise the paraffin-ring slides of 
Kline. These are employed in conducting microflocculation tests for syphilis as de- 
scribed in Chapter 34. No more than 36 tests should be attempted at one time lest 
evaporation interfere with the reactions. It is also advisable to use each serum diluted 
1:2 or 1:3 to prevent pseudo-agglutination. 

Test Tube Method (Landsteiner). 1. Collect 2 drops of blood in a small test tube 
carrying 1 or 2 ml. of saline solution. 

2. In a small test tube (inside diameter 7 mm.) place 1 drop of corpuscle sus- 
pension, 1 drop of anti-A serum and 1 drop of normal saline solution. Prepare a similar 
mixture in a second tube using anti-B serum. 

3. Mix gently and allow to stand at room temperature. Positive reactions are 
usually visible within a few minutes, but the final reading should be made after an 
hour. Transfer small drops of each mixture to glass slides by means of stirring rods 
and examine microscopically under low power. Control tests with known corpuscles 


of groups A and B are advisable. 


778 HEMAGGLUTINATION AND BLOOD GROUPING TESTS 


Group O 

Anti-A Anti-B 
Group A 

Anti-B Anti-A 
Group B 
Group AB 


Anti-A AntiLB 


Fig. 340. Blood grouping according to tho Landstoiner or international classification. 


(From Kolmer, Clinical Diagnosis by Laboratory Examinations. C 
5. Courtesy: of D. : 
Century Company.) sy D. Appleton 
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4. The reactions can be hastened and intensified by centrifuging the tubes at about 
2000 r.p.m. for about 1 minute. The tubes are then replaced in the rack, which is 
shaken until the negative control corpuscles are evenly suspended. The reactions are 
read macroscopically. 

5. The readings and interpretations are raade as previously described. 


METHODS FOR CONDUCTING CROSS MATCHING TESTS 


Direct matching tests must be done before transfusion even if the patient is first 
grouped and a donor of the same group is selected in order to guard against the pos- 
sibility of transfusing with an incompatible subgroup blood. This is particularly true 
in relation to subgroups A;, As, A;B, A,B and Rh, and especially in the case of 
patients belonging to groups A or B receiving multiple transfusions and women in 
pregnancy or the puerperium. 

In the following tests corpuscle suspensions may be prepared by mixing 2 drops 
of blood with 1 or 2 ml. of saline solution in a small test tube. For serum collect blood 
in a dry test tube; allow to coagulate, break up the clot and centrifuge. 

Test Tube Method. As shown by Le- 
vine (Am. J. Obst. & Gynec., 1941, 42:165), 
these tests are best conducted in test tubes 


Fig. 341. False agglutination. Fig. 342. A negative reaction. 
(From Kolmer, Infection, Immunity and (From Kolmer, Infection, Immunity and 
Biologic Therapy. Courtesy of W. B. Saunders Biologic Therapy. Courtesy of W. B. Saunders 
Company.) Company.) 


incubated at 37° C. with duplicate tests conducted at the same time at room tempera- 
ture. 

1. In each of 2 small test tubes mix 2 drops of patient’s serum with 1 drop of 
donor’s corpuscle suspension. 

2. Incubate 1 tube at 37° C. for 4 hour, the second at room temperature. 

3. Centrifuge the tubes at low speed for 1 minute. 

4. Gently shake the tubes and examine macroscopically and microscopically for 
agglutination. 

Slide Method. 1. Arrange 2 clean slides for each test; at one end of slide No. 1 
mix a drop of the patient’s corpuscle suspension with a drop of the donor’s serum and 
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a drop of saline solution. At the other end mix a drop of the patient’s corpuscles with 
a drop of saline solution (corpuscle control). 

2. At one end of slide No. 2 mix a drop of the donor’s corpuscle suspension with 
a drop of the patient’s serum and a drop of saline solution. At the other end mix a 
drop of the donor’s corpuscles with a 
drop of saline solution (corpuscle con- 
trol). 

3. Repeat the setup in the same man- 
ner with the corpuscles and sera of each 
donor. 

4. Rock the slides occasionally for 
about 5 minutes. If agglutination is not 
visible, place a coverglass over each mix- 
ture and let it stand for 15 minutes. Ex- 
amine each microscopically. 

Hanging Drop Method. 1. Mix 2 
loopfuls of the patient’s serum with 1 
loopful of donor’s corpuscles on a cover- 
glass and mount with Vaseline on a 
hanging drop slide. 

2. Mix 2 loopfuls of the donor’s 
serum with | loopful of patient’s corpus- 
cles on a second coverglass and mount. 

ng, SBS: ts, Positive) teachion: 3. Mix 2 loopfuls of saline solution 
a Cea ae egal ies and 1 oopful of patient’ compustles on 2 
pany.) coverglass and mount (corpuscle con- 
trol). 
4. Mix 2 loopfuls of saline solution and 1 loopful of donor’s corpuscles on a 
coverglass and mount (corpuscle control). 
5. Allow to stand for 15 minutes at room temperature. 
6. Examine microscopically with low magnification. The controls should be ex- 
amined first and should show no agglutination. False clumping and rouleaux formation 


at the margins of the mixtures should not be mistaken for positive reactions (Figs. 
341, 342, and 343). 


METHOD FOR DETECTING SUBGROUPS OF A AND AB 


As previously stated, these occur as Aj, Ao, Az, AiB, AsB and A3B. A; and A3B 
are very rare. Reactions due to subgroups of A and AB are extremely rare. Subgroups 
are not tested for in pretransfusion tests, but cross matching tests will discover in- 
compatibility caused by subgroups. 

Testing Sera. Anti-A serum usually contains not only the common anti-A 
agglutinin which agglutinates corpuscles A,;, A», A,B and A.B but also anti-A, 
agglutinin which agglutinates only A; and A;B corpuscles. Consequently, when the 
common anti-A agglutinin is removed by absorption only the anti-A, agglutinin 
remains. Therefore if absorbed anti-A serum is used, agglutination shows that the 
corpuscles belong to subgroups A; or A,B; if no agglutination occurs, the corpuscles 
belong to subgroups A», or AsB. 

Absorbed anti-A sersim may be prepared as follows: (a) if the serum is fresh inac- 
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tivate by heating in a water bath at 56° C. for 10 minutes; (b) draw blood from an 
individual belonging to subgroups A, and place in citrate solution to prevent coagula- 
tion; centrifuge, wash the corpuscles twice with saline solution and discard the super- 
natant fluid; (c) mix the serum with % its volume of the packed A» corpuscles; 
(d) allow to stand at room temperature for 2 hours with occasional shaking; (e) 
centrifuge and separate the serum; (f) to each ml. of the serum add 0.2 ml. of 1:1000 
aqueous solution of merthiolate as a preservative, label and keep in a refrigerator. 

Procedure. The test is conducted with absorbed anti-A serum in the same manner 
as the ordinary grouping tests by the slide or test tube methods described earlier. With 
good absorbed anti-A serum, all A; corpuscles are strongly agglutinated; A,B cor- 
puscles are not as markedly agglutinated. As previously stated, Ay and AB corpuscles 
show no trace of agglutination even upon microscopic examination. 


TESTS FORTHE Rh FACTOR 

As previously stated, the corpuscles of about 85 per cent of white individuals 
contain the agglutinogen Rh discovered by Landsteiner and Wiener (Proc. Soc. Exper. 
Biol. & Med., 1940, 43:223). Agglutinins for this agglutinogen do not occur normally 
in sera. But agglutinins may be developed by multiple transfusions with Rh-positive 
corpuscles and by iso-immunization of women during pregnancy by Rh-positive 
fetuses. These acquired agglutinins may produce hemolytic transfusion reactions and 
erythroblastosis fetalis. 

Testing Sera. Human testing sera containing anti-Rh agglutinins are best ob- 
tained from patients who have had transfusion reactions and often from mothers of 
infants with erythroblastosis fetalis. Unless the individual belongs to group AB, it is 
necessary to remove anti-A and anti-B agglutinins by absorption with Group A and 
Group B corpuscles. These agglutinins may also be removed from the serum by neu- 
tralization with specific polysaccharides or blood group specific substances (Witebsky) 
which are commercially available. Otherwise they may be removed by absorption 
with the saliva of known secretors according to the method of Wiener as follows: (a) 
pool 2 parts of A saliva and 1 part of B saliva; (6) place in boiling water for 10 min- 
utes, centrifuge and pipet off the supernatant opalescent (“purified”) saliva (keeps 
indefinitely when stored in the refrigerator under sterile conditions) ; (c) mix 2 parts of 
serum with 1 part of saliva, allow to stand at room temperature for an hour or two 
and centrifuge; (d) remove supernatant serum and heat in a water bath at 56° C. 
for 10 to 20 minutes. 

Equipment and Reagents. 1. Test tubes (75 & 7 mm.). 

2. Anti-Rhy serum. This serum agglutinates 85 per cent of erythrocytes selected 
at random and all red cells containing the Rhy (D) factor. Such serum is called anti- 
Rhy (anti-D). 

3. Fresh 2 per cent suspensions in physiologic solution of sodium chloride of (a) 
the red cells to be tested, (6) known Rh-positive red cells and (c) known Rh-negative 
red cells. | 

Procedure. 1. To each of 3 tubes add one drop of the anti-Rh serum. Add one 
drop of the unknown red cell suspension to the first tube, one drop of the known 
Rh-positive cell suspension to the second tube and one drop of the known Rh-negative 
cell suspension to the third tube. Shake the tubes and incubate at 37° C. in a water 
bath for one hour. 
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2. Observe the sediment over a concave mirror. The result is negative when it 
forms a sharply outlined disk. The tube is then gently shaken, just enough to suspend 
the sediment, and agglutination is checked microscopically by laying the tube hori- 
zontally on the stage of the microscope and viewing the suspension with the low power 
objective (32 mm.). Negative reactions show no agglutination. Positive Rh-positive 
reactions show a wrinkled or granular deposit. 

3. Tubes with negative microscopic reactions are then reincubated for another 
hour at 37° C. and re-read. The second incubation may show a positive reaction, even 
when the reading after one hour’s incubation was doubtful or entirely negative. 

4. If the results of the second reading are doubtful, they may be checked by 
pouring a drop of suspension on a slide, covering with a coverglass and reading with 
the low power objective of the microscope. 

5. The Rh-negative control must be negative and Rh-positive control positive; 
otherwise the test is void. 

6. The reaction may be accelerated by centrifugation. After 30 minutes of incuba- 
tion at 37° C. as before, the tubes are centrifuged for one minute at 500 r.p.m. in a 
centrifuge cup containing water at about 40-45° C. The sedimented cells are dislodged 
from the bottom of the tube by gently shaking just enough to suspend the sediment, 
and agglutination is read macroscopically with the naked eye and microscopically as 
previously described. 


TESTS FOR Rh ANTIBODIES 


Equipment and Reagents. 1. Test tubes (75 & 7 mm.). 

2. Capillary pipets. 

3. Specimens of known group O Rh-positive blood, including Rh; (CDe) and 
Rhs (cDE) types, and whenever possible rare types rh’ (Cde) and rh” (cdE). If celis 
of known Rh types are not available, use 10 specimens of group O-cells collected at 
random. In the latter case only the presence of Rh antibodies can be determined but 
not their types. 

4, Known Rh-negative (rh) (cde) cells, type O, or of the same type as the 
patient. 

5. Patient’s own cells. 

6. Patient’s serum. 

7. Saline solution and 20 per cent solution of bovine albumin as diluents. 

Screening Test. This test (Hattersley and Fawcett, Am. J. Clin. Path., 1947, 
17:695) may be conducted as follows: 

1. Inactivate patient’s serum at 56° C. for 10 to 20 minutes. 

2. Set up twice as many tubes as there are cells available. Divide them into two 
rows. 

3. Prepare 2 per cent suspensions of the O-cells and patient’s cells in saline and 
also in 20 per cent solution of bovine albumin. 

4. To the first row of tubes add two drops of the patient’s serum. 

5. Add one drop of the 2 per cent suspension of the O Rh, cells in bovine albumin 
to the first tube and one drop of the O Rhy cell suspension in bovine albumin to the 
second tube, and so on. To the next to the last tube add one drop of the 2 per cent 


suspension of the Rh-negative (rh) (cde) cells, and to the last tube the patient’s own 
cell suspension in bovine albumin. 
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6. To the secona row of tubes add two drops of the patient’s serum diluted 1:10 
in saline solution. 

7. Add one drop of the first cell suspension in saline to the first tube and one drop 
of the second cell suspension in saline to the second tube, and so on as in 5. 

8. Shake the tubes. Centrifuge the bovine albumin set immediately at about 1,200 
r.p.m. for 3 minutes. Examine for agglutination macroscopically, shaking the tubes 
very gently. If negative check microscopically as described previously. If the result is 
negative, shake and incubate for one hour at 37° C. in a water bath or incubator. 
Incubate also the saline set for one hour at 37° C. 

9. Centrifuge both sets for 1 minute at 500 r.p.m. in a warm centrifuge cup with 
water of about 40-45° C. 

10. Shake tubes very gently to dislodge the sedimented cells and examine for 
agglutination. 

11. Negative reactions show no agglutination. Serum containing anti-Rh agelu- 
tinins agglutinates O Rh-positive cells, but not the O Rh-negative (rh) (cde) cells 
and the patient’s own cells. If 
all cells are agglutinated equally 
well, including O Rh-negative (rh) 
(cde) and the patient’s own cells, 
agglutination is due to auto- 
agglutinins or so-called “cold ag- 
glutinins” with an exceptionally 
wide thermal range, and in such a 
case the result does not indicate 
the presence of anti-Rh agglutinins. 

12. If the tubes containing Rh- Fig. 344. Rh typing box. 
positive cells suspended in bovine (Courtesy of the Clay-Adams Company, Inc.) 
albumin show agglutination but 
not those containing Rh-positive cells in saline, there are serum-albumin agglutinins 
present in the serum but no saline agglutinins. 

Open Slide Test for Rh Antibodies (Diamond-Abelson). 1. One drop of un- 
known serum and two drops of whole (citrated) O Rh-positive blood are mixed on a 
slide which is placed and gently tilted on a glass plate over a 25-watt electric bulb. 

2. Prepare a similar preparation using O Rh-negative (rh) (cde) blood as a 
control. 

3. It is also advisable to use known O Rh, (CDe), and O Rhy (cDE) bloods. 

4. Rh-positive blood shows clumping in a few seconds to about three minutes. The 
reaction is accelerated and the reading facilitated by gently tilting the slide on a piece 
of ground glass over an electric bulb at a temperature of about 38°-45° C. The Rh 
typing box (Fig. 344) designed by Diamond (Clay-Adams Co., Inc.) is very useful 
in conducting the tests with ordinary or concavity slides. 

Determination of Titer of Saline-Agglutinins. 1. Set up five rows (left to right) 
of 6 tubes (front to back). 

2. Prepare 2 per cent cell suspensions in saline solution of four different O Rh- 
positive cells (including Rhy (CDe), Rhy (cDE), rh’ (Cde) and rh” (cdE) or RhyRhe 
(CDE) whenever available). Also prepare a 2 per cent suspension of control O Rh- 
negative (rh) (cde) cells in saline solution. 
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3. Add two drops of undiluted patient’s serum to each tube in the first row (left 
to right). 

4. Prepare a serum dilution of 1:5 in a separate tube (4 drops of serum and 16 
drops of saline). Add 2 drops of this dilution to each tube of the second row. 

5. The successive dilutions are made from the previous one by adding equal 
amounts of saline solution. 

6. 3rd row: Two drops of serum dilution 1:10. 

7. 4th row: Two drops of serum dilution 1:20. 

8. 5th row: Two drops of serum dilution 1:40. 

9. 6th row: Two drops of serum dilution 1:80. 

10. Add one drop of 2 per cent suspension of the Rh; (CDe) cells to the first front 
to back row, add one drop of Rhy (cDE) cells to the second front to back row, and 
so on. 

11. To the last front to back row add 1 drop of the 2 per cent suspension of the 
O Rh-negative (rh) (cde) cells. 

12. Shake the tubes and incubate for one hour at 37° C. Read and record the 
results. 

13. If the reaction is doubtful (indistinct or questionable clumping) the tubes 
should be reincubated for another hour. The test may be accelerated by centrifuging 
the negative or doubtful tubes at 500 r.p.m. after the one hour incubation. 

14. Clumping of Rh-positive cells, and failure of clumping of Rh-negative cells, 
indicates the presence of saline Rh agglutinins in the serum. 

15. Ina serum showing agglutination in a dilution of 1:80, the exact titer is deter- 
mined by carrying the twofold dilution further in the same way as previously described. 

Determination of Titer of Serum-Albumin Agglutinins. 1. Prepare 2 per cent 
suspensions of known O Rh-positive blood in inactivated human plasma or serum of 
Rh-negative persons, or in 20 per cent solution of human or bovine albumin. 

2. Rh, (CDe) and Rhy (cDE) erythrocytes are preferred as test cells. If these are 
not available, four specimens of O Rh-positive cells selected at random and a specimen 
of O Rh-negative cells should be used. The serum is diluted with the same diluent as 
used for the preparation of the cell suspensions. Otherwise follow the same procedure 
as described for saline agglutinins except that centrifuging is not recommended, and 
from one to two hours’ incubation is preferred. 

Test for Blocking Antibodies. Antibody combines with (coats) Rh-positive cells, 
but clumping does not occur. Subsequent addition of a serum containing anti-Rh agglu- 
tinins will therefore fail to agglutinate the red cells, because the latter are “blocked.” 
Hence the term “blocking antibody.” It is important that the anti-Rh serum is not 
high-titered, because such serums may overcome the blocking antibodies. 

1. Follow the same procedure as given for determination of saline agglutinins. 

2. If the results are negative in one or more dilutions, add to the negative tubes 
one drop of anti-Rh serum of suitable titer (about 1:32). The serum must be of the 
so-called anti-Rho variety, i.e. must clump all cells containing the Rhy (D) antigen. 
Anti-rh’ (anti-C) or anti-rh” (anti-E) serum should not be used, because most of the 
blocking antibodies combine only with the Rhy (anti-D) factor. 

3. Anti-Rh serum can be saved by adding it only to the first two rows of dilutions. 
If agglutination is absent or decreased at the end of 45 to 60 minutes, add serum to 
the further rows. If strong clumping occurs then the additional serum is saved. 
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4. Reincubate for 45 minutes to one hour and read as previously described. 

5. Clumping present in the tubes to which anti-Rh serum was added indicates that 
blocking antibodies are absent. Absent or weak clumping indicates that blocking anti- 
bodies are present. 

Coombs’ Test for Detection of Sensitization of Erythrocytes. This test (Brit. J. 
Exper. Path., 1945, 26:255) is for the detection of sensitization of the erythrocytes of 
infants with maternal Rh antibodies which may produce negative agglutination reac- 
tions due to coating of the erythrocytes with blocking antibodies. Rabbit anti-human 
serum is employed which is available commercially or readily prepared by the immuni- 
zation of rabbits. Agglutinins must be removed from the serum by absorbing it with 
a mixture of A, B, and O human erythrocytes. 

Procedure. 1. Wash the erythrocytes of the newborn baby (cord blood is prefer- 
able) three times with tubefuls of 0.9 per cent solution of sodium chloride. Pack by 
centrifuging. 

2. Prepare a 2 per cent suspension of the packed red cells with 0.9 per cent solution 
of sodium chloride. 

3. Place 2 drops of the anti-human serum in a small test tube. Add one drop of 
the 2 per cent cell suspension. 

4. Incubate at 37° C. for 30 minutes. 

5. Shake the tubes gently and check for agglutination macroscopically. If no clump- 
ing is visible, place the tube horizontally on the stage of the microscope and read with 
the low power objective. 

6. If negative, centrifuge for two minutes at 1000 r.p.m. Check again for agglutina- 
tion as before. If in doubt place a drop of the suspension on a slide, cover with cover- 
glass and read microscopically. 

7. Rabbit anti-human serum plus cells of group O of an adult. Rh-positive or Rh- 
negative O blood may be used (negative control). 

8. O Rh-positive cells are treated with serum containing so-called conglutinating 
Rh antibodies which do not react in saline diluent (positive control). 

Two drops of a 2 per cent suspension of O Rh-positive cells in 0.9 per cent 
solution of sodium chloride are added to four drops of a conglutinating serum (titer 
at least 1:20) which was diluted with three to four volumes of saline. Let stand one- 
half to one hour at 37° C. Wash three times with tubefuls of 0.9 per cent solution of 
sodium chloride, discard supernatant saline, add two drops of anti-human serum. 
Positive results should be observed. 

Determination of Specificity of Anti-Rh Sera. 1. Test sera containing anti-Rh 
agglutinins with 2 per cent suspensions of cells, of types Rho (cDe), rh’ (Cde), and 
th” (cdE) are required. The cells must be of group O or compatible blood groups. 

2. Set up three tubes for each serum to be tested. 

3. To the first tube add one drop of the serum and one drop of the 2 per cent 
saline suspension of Rhy (cDe) cells. 

4. To the second tube add one drop of the serum, and one drop of the 2 per cent 
saline suspension of rh’ (Cde) cells. 

5. To the third tube add one drop of the 2 per cent saline suspension of the rh” 
(cdE) cells. 

6. Incubate for one hour at 37° C. and centrifuge for 1 minute at 500 r.p.m. in a 
centrifuge cup containing water of about 40° C. and read the reactions. 
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7. If only Rho (cDe) cells are agglutinated, the serum is an anti-Rho (anti-D) 
serum (85 per cent serum). 

8. If only rh’ (Cde) cells are agglutinated, the serum is an anti-rh’ (anti-C) serum 
(70 per cent serum). 

9. If only rh” (cdE) cells are agglutinated, the serum is an anti-rh” (anti-E) 
serum (30 per cent serum). 

10. If the serum agglutinates two types of cells, for instance, Rho (cDe) and rh’ 
(Cde), or Rhy (cDe) and rh” (cdE), the serum contains antibodies for Rho (cDe) 
cells and rh’ (Cde) cells, or for Rho (cDe) cells and rh” (cdE) cells. 

11. Such sera can be used for Rh typing if the anti-Rho (anti-D) factor is inhibited 
by the addition of serum containing blocking antibodies (add equal parts of serum). 


TABLE 43. REACTIONS OF Rh TYPES WITH ANTI-Rh’? (Anti-D), ANTI-Rh’ (Anti-C+D) 
AND ANTI-Rh” (Anti-D+E) TESTING SERUMS 


4 Incidence*/ W|B| W|B W|B 
ve : % anti anti anti 
Rh, | D Ia) (Cea B) Rh, | D+E 

rh cde 13 = As a 

rh’ Cde 1 — + = 

Rh cDe 14 + + + 

ida cdE 0.5 = a - 

Rh, (Rh ’) CDe 54 + ~- + 

Rhy (Rh”) cDE 15 + + + 
rh. s(eh,,) CdE 0.01 = ae + 

Rh, Rh, (Rh,) 

(Rh 4 Rh’) CDE 14.5 AF + + 

W =} Wiener’s nomenclature B = British nomenclature 


* Percentage figures for the testing serums indicate the numbers that would be clumped with 
each serum in 100 specimens collected at random. 


Test for Types of Rh Factor. EQuIPMENT AND REAGENTS. (a) Test tubes 
(75 X 7 mm.) and capillary pipets; (5) anti-Rho (anti-D) serum which clumps 85 
per cent of random specimens; (c) anti-rh’ (anti-C) serum which clumps 70 per cent 
of random specimens; (d) anti-rh” (anti-E) serum which clumps 30 per cent of ran- 
dom specimens; (€) two per cent saline suspensions of known Rh, (CDe) and Rh» 
(cDE) cells for controls; if available include known cells of types rh’ (Cde) and rh” 
(cdE); (f) two per cent saline suspension of unknown red cells. 

PROCEDURE. 1. Set up one row of three tubes for each unknown cell and for each 
type of the known control cells. 

2. To the first tubes of each row add one drop of anti-Rhy (anti-D) serum. 

3. To the second tubes add one drop of the anti-rh’ (anti-C) serum. 

4. To the third tubes add one drop of the anti-rh” (anti-E) serum. 

5. Add a different cell suspension to each left to right row. Add 1 drop of the cell 
suspension to each tube; the same cell suspension being added to each left to right row 
of three tubes containing anti-Rho (anti-D) and anti-rh’ (anti-C) and anti-rh” 
(anti-E) sera. 
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6. Incubate in a water bath or incubator for 1 hour at 37° C. Rotate gently to 
separate the sediment and read. If the results are doubtful or negative, reincubate for 
another hour and read as described previously for the Rh factor. 

7. The type may be determined from Table 43. The control Rh, (CDe) cells must 
be clumped by anti-Rho (anti-D) and anti-rh’ (anti-C) sera; Rhs (CDE) cells must be 
clumped by anti-Rhp (anti-D) and anti-rh” (anti-E) sera. 


METHODS FOR DETECTING M AND N AGGLUTINOGENS 


The erythrocytes of all human beings contain the agglutinogens M, N or MN dis- 
covered by Landsteiner and Levine (Proc. Soc. Exper. Biol. & Med., 1927, 24:600, 
941). They are unrelated to the agglutinogens A and B. Agglutinins for M, however, 
occur very rarely in human sera and in only a few instances have agglutinins been 
discovered for N. Furthermore, both agglutinogens are of low antigenic activity so that 
reactions due to the production of agglutinins for them are but rarely, if ever, produced 
by multiple transfusions. 

Testing Sera. Consequently, testing sera must be prepared by the immunization 
of rabbits. Only some animals produce satisfactory sera. Agglutinin for M is produced 
more effectively than for N. The following method may be employed: 

1. Give each of a series of healthy adult rabbits a daily intravenous injection of 
1 ml. of a 10 per cent suspension of washed M corpuscles from a group O donor for 
3 or 4 weeks. Inject a second series in the same manner with N corpuscles from a group 
O donor. 

2. Bleed the rabbits about 1 week after the last injection and separate the sera. 
Inactivate the sera in a water bath by heating at 56° C. for 15 to 20 minutes. 

3. Dilute each anti-M serum 1:20 with saline solution and add a half volume of 
washed, pooled and packed N corpuscles of groups A, B, and O. Mix, incubate at room 
temperature for 1 hour and centrifuge. Pipet off the supernatant serum and test for M 
and N agglutinins as follows: (a) in a series of 7 small test tubes place 0.2 ml. of 1:2, 
1:4, 1:8, 1:16, 1:32, 1:64 and 1:128 dilutions of serum; (5) add 0.2 ml. of a 2 per 
cent suspension of M corpuscles to each (final dilutions of serum are now 1:4 to 
1:256); (c) set up a second series of test tubes in the same manner using N corpuscles; 
(d) mix all tubes and place in water bath at 37° C. for an hour when the readings are 
made. A satisfactory serum is one showing agglutination of M corpuscles in final dilu- 
tion of 1:64 or higher with no agglutination of N corpuscles. Any serum showing 
agglutination of N corpuscles must be re-absorbed with N corpuscles as described and 
retested. 

4. Absorption of anti-N testing serum is done similarly as described for anti-M 
except that AM, BM, and OM cells are used and the incubation temperature is 37° C. 

Materials. (a) Anti-M and anti-N sera; (b) 2 per cent suspension of unknown 
washed red cells in 0.9 per cent solution of sodium chloride; (c) 2 per cent suspensions 
(in 0.9 per cent solution of sodium chloride) of washed red cells of controls. Controls 
of known blood groups and types must include M, N and MN cells in combination 
with A, B and O so that all groups, subgroups, and types are represented as, for 
example, A2M or A2BM; A,BMN or A,MN; BM; ON. 

Procedure. 1. Set up two rows of five tubes each (7 to 8 mm. inside diameter). 

2. To each tube of the first row add one drop of anti-M serum. 

3. To each tube of the second row add one drop of anti-N serum. 
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4. To the first tubes of each row add one drop of a 2 per cent suspension of the 
unknown cells. 

5. To the second tubes of each row add one drop of the first control suspension. To 
the third tubes of each row add one drop of the second control suspension. To the 
fourth tubes of each row add one drop of the third control suspension. To the fifth 
tubes of each row add one drop of the fourth control suspension. 

6. Shake. Incubate for two hours at room temperature (about 20° C.) shaking 
tubes at 15 minute intervals. 

7. Shake tubes gently and check for agglutination macroscopically. If no clumping 
is visible, place the tube horizontally on the stage of the microscope and read with the 
low power objective (22.7 mm. or 28 mm.). Clumping of the unknown cells with the 
anti-M serum indicates the presence of factor M. Clumping of the unknown cells with 
the anti-N serum indicates the presence of factor N. If the unknown cells are clumped 
by both sera, both factors are present. The test is invalid unless the controls show the 
following results: cells of type M must be clumped with anti-M serum, cells of type N 
with anti-N serum and cells of type MN with both sera. 


MEDICOLEGAL APPLICATIONS OF BLOOD GROUPING TESTS 


Disputed Parentage. 1. The agglutinogens A, B, M and N are transmitted by 
heredity. 

2. Examinations in relation to disputed parentage are based upon determinations 
of the major blood groups (O, A, B, AB), of the blood types (M, N, MN), and of the 
Rh factor of the man, woman and cnild. Examinations of the subgroups of A and AB 
corpuscles may also be employed. 


TABLE 44. MAJOR BLOOD GROUPS IN RELATION TO DISPUTED PARENTAGE. 


Groups of Groups of Children Groups of Children 
Parents Possible Not Possible 


A, B, AB 
B, AB 
A, AB 
O, AB 


PPOPOOPOO 
DWWWr POW Pro 


3. As shown in Table 44, agglutinogens A and B cannot be present in the cor- 
puscles of a child unless present in the corpuscles of either or both parents. 

4. A child belonging to group O cannot have a parent belonging to group AB. 

5. A child belonging to group AB cannot have a parent belonging to group O. 

6. The tests may prove the nonpaternity of an accused man. However, they cannot 
prove his paternity because some other man of the same blood group may be the father. 

7. If the man is group AB and the child group O, or vice versa, nonpaternity is 
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established, regardless of the blood group of the mother. If both man and child are of 


the same blood group, nonpaternity cannot be established. 


8. Maternity is disproved if an alleged mother is group AB and the child group O, 


or the reverse. 


9. The chances of establishing nonmaternity by the major blood groups alone are 
slight because of the low incidence of group AB. 
10. Supplementary examinations for the agglutinogens M and N are of additional 


value and sometimes essential. 


TABLE 45. TYPES M AND N IN RELATION TO DISPUTED PARENTAGE. 


Groups of 
Parents 


Groups of Children 


Possible 


Groups of Children 
Not Possible 


MN x MN 
MN xN 


MN xM 


MN, M,N 

MN, N 

MN, M 
MN 


MxN M, 
MxM M MN, 
NxN N MN, 


11. If the child is type M or N and the same factor is absent in both parents, 
nonpaternity is established; also if the man is type M and the child type N, or the man 
is type N and the child is type M. Therefore, as shown in Table 45, men belonging to 
type MN cannot prove nonpaternity. 

12. Maternity is disproven if an alleged mother is type M and the child type N, 
or the reverse. 

13. In cases involving the parentage of infants accidentally interchanged in a hos- 
pital, or purposely exchanged by wet nurses, tests for agglutinogens M and N alone 
solve 40 per cent and tests for agglutinogens A, B, M and N about 70 per cent. 

Blood, Seminal and Other Stains. 1. Tests for iso-agglutinins and iso-agglutino- 
gens in blood stains possess positive but no negative value in determining the source 
of human blood. 

2. Extracts of dried semen may contain the major blood agglutinogens which may 
aid in determining the source of a stain. 

3. Urine and extracts of dried saliva may contain the major agglutinogens corre- 
sponding to those in the erythrocytes of human beings. 

4. The presence of iso-agglutinogens in dried blood, semen and saliva is determined 
by lowering of iso-agglutinins in serum to which particles of the stain have been added. 


DAVIDSOHN PRESUMPTIVE TEST FOR INFECTIOUS MONONUCLEOSIS 


Principles. 1. Natural agglutinins for sheep erythrocytes are present in detectable 
amounts in practically all persons. They are called heterophilic antibodies because they 
are not produced by the injection of sheep erythrocytes, the homologous antigen. Their 
origin is unknown. Their titers range from 1:7 to 1:28 in from 80 to 90 per cent of 
normal healthy persons and in individuals suffering from various diseases. In rare 
instances the agglutinins may reach titers of 1:56 and 1:112 in such persons. 
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2. Titers of heterophilic antisheep agglutinins higher than 1:112 are present in 
infectious mononucleosis. Similar titers are also produced following injections of normal 
and immune horse sera, in infectious hepatitis and possibly in other diseases. The anti- 
body in infectious mononucleosis may be differentiated from that present in other 
conditions by the differential absorption test employing guinea pig kidney. 

3. The presumptive test is indicated in cases where the history, clinical manifesta- 
tions or hematologic findings are suggestive of infectious mononucleosis. 

Procedure. 1. Prepare a 2 per cent suspension of washed sheep erythrocytes in 
physiologic sodium chloride solution. The erythrocytes should be not less than 24 hours 
old and not older than 1 week, although Rappaport and Skariton (Am. J. Clin. Path., 
Technical Suppl., 1949, 19:665) state that fresh defibrinated blood may be preserved 
in an ice box for at least 2 months when mixed with an equal volume of a preserving 
fluid prepared by dissolving 10 gm. of crystallized borax in 150 ml. of distilled water 
to which is added sufficient concentrated solution of citric acid to give a pH of 7.4 to 
7.6. For use the erythrocytes are washed 3 times with a solution prepared by mixing 
1 part of this preservative with 3 parts of 0.9 per cent solution of sodium chloride. 
Evans (J. Lab. & Clin. Med., 1950, 35:300) has reported that the addition of 2.0 ml. 
of a 5 per cent solution of sodium citrate to 10 ml. of sheep’s blood at the time of col- 
lection, not only preserves the erythrocytes for 10 weeks or longer when stored at 
4° C., but has proven more satisfactory than modified Alsever’s solution, heparin or 
defibrination. 

The erythrocytes should be used only if the third washing gives a perfectly color- 
less supernatant fluid. The suspension must be prepared of erythrocytes washed on the 
day of the test and it must be used on the same day. 

2. Inactivate the serum in a water bath at 56° C. for 30 minutes. 

3. Set up a row of 12 test tubes (75 &* 10 mm.). Place 0.4 ml. of normal saline 
solution in the first tube and 0.25 ml. in each of the remaining tubes (Table 46). 

4. Add 0.1 ml. of serum to No. 1, mix and transfer 0.25 ml. to No. 2; mix and 
transfer 0.25 ml. to No. 3, and so on to No. 11 from which 0.25 ml. is discarded after 
mixing. No. 12 is the corpuscle control. 


TABLE 46. TECHNIC OF PRESUMPTIVE TEST FOR INFECTIOUS MONONUCLEOSIS. 


Saline Sheep Final 
Solution Corpuscles Dilutions 
mil, of Serum 


:10 
1522.0) 
1:40 
1:80 
1:160 

fart 
1 


1 
2 
3 
4 
5 
6 
i 
8 


7320 
:640 
:1280 
1:2560 
control 


Mix thoroughly and keep at room tem- 
perature for 2 hours; make readings. 
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5. Add 0.1 ml. of 2 per cent suspension of washed erythrocytes to all tubes. 

6. Shake the tubes and leave at room temperature for two hours. 

7. Read the results after shaking the test tubes to resuspend the sediment. The 
titer is the reciprocal value of the highest dilution of serum giving agglutination visible 
with a low power objective (preferably with a magnification of from 2 to 4X) of the 
microscope in a tube placed horizontally on the stage. With experience the reading can 
be made with the naked eye but is usually 1 or 2 dilutions lower than the titer deter- 
mined by microscopic examination. It is not advisable to prolong the incubation at 
room temperature beyond the two hour period or to place the specimens in the refriger- 
ator, because cold agglutinins may produce a nonspecific increase of the titer. 

8. If necessary read the results after from 15 to 30 minutes, and if negative, repeat 
the reading at intervals. In some instances positive findings can be obtained after these 
short periods of time. Negative findings should not be reported until 2 hours have 
elapsed. : 

9. In the presence of clinical and hematologic findings suggestive of infectious 
mononucleosis, titers of 224 and higher are presumptive evidence of infectious mono- 
nucleosis, unless the patient has recently had serum sickness or has recently received 
an injection of normal or immune horse serum. If serum sickness or a history of an in- 
jection of horse serum is present, or if clinical and hematologic findings suggestive of 
infectious mononucleosis are absent, the differential test should be done. 


DAVIDSOHN DIFFERENTIAL TEST FOR INFECTIOUS MONONUCLEOSIS 

Principles. 1. The heterophilic antibodies (antisheep agglutinins) in infectious 
mononucleosis are not of the Forssman type. They are not absorbed by a suspension 
of guinea pig kidney. The heterophilic antibodies in healthy persons, in serum disease, 
and in all other diseases except infectious mononucleosis, are of the Forssman type and 
are readily absorbed by a suspension of guinea pig kidney. 

2. Consequently the indications for the differential test are (a) a history of a 
recent injection of normal or immune horse serum, or of an attack of serum disease in 
the recent past, in a patient with a titer of antisheep agglutinins of 1:224 or over as 
determined by the presumptive test; (4) a titer of antisheep agglutinins of 1:224 or 
higher in patients without historical, clinical or hematologic evidences of infectious 
mononucleosis and (c) a low titer of antisheep agglutinins (1:112 or lower) as deter- 
mined by the presumptive test in cases suspected of having infectious mononucleosis. 

Preparation of Antigen. The kidneys of a guinea pig are kept frozen in the re- 
frigerator until needed. They are then thawed and washed repeatedly in a physiologic 
solution of sodium chloride until the washings are free of blood. They are then mashed 
into a fine pulp and used for absorption as a 20 per cent suspension in physiologic 
saline solution. The suspension is boiled for 1 hour in a water bath and the loss by 
evaporation made up with distilled water. Sufficient phenol is added to the suspension 
to give a concentration of 0.5 per cent. The suspension may be kept in a refrigerator 
for many months without noticeable changes. 

Procedure. 1. Place in a test tube (85 & 13 mm.) 1 ml. of the thoroughly shaken 
suspension of guinea pig kidney. 

2. Add 0.2 ml. of serum inactivated in a water bath at 56° C. for 30 minutes. 

3. Shake and let stand at room temperature for 1 hour, shaking at intervals. 
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4. Centrifuge at 1500 r.p.m. for 10 minutes. Remove the supernatant fluid carefully 
with a capillary pipet, making sure to transfer only clear supernatant without particles. 

5. Set up a row of 10 tubes (75 X 10 mm.). Add 0.25 ml. of the physiologic solu- 
tion of sodium chloride to all tubes except the first. 

6. Add 0.25 ml. of the supernatant fluid to the first and second tubes. Mix and 
transfer 0.25 ml. to the third tube, continue until 0.25 ml. is discarded from the last 
tube. The serum dilutions are 1:5, 1:10, 1:20 and so on. 

7. Add 0.1 ml. of a 2 per cent suspension of sheep cells. Final dilutions are: 1:7, 
1:14, 1:28 and so on. Shake. Let stand at room temperature for 2 hours. Read as de- 
scribed under presumptive test. 

8. As a control, set up the presumptive test with unabsorbed serum. 

9. In sera of patients with infectious mononucleosis, absorption with guinea pig 
kidney produces a partial removal of the agglutinins for sheep red cells, but usually 
with not less than one fourth of the original agglutinins still remaining in the sera after 
absorption. For example, an original titer of 1:112 may be reduced to 1:28 after ab- 
sorption with guinea pig kidney. Only occasionally will the titer be lowered to one 
eighth of the original. 

If all or almost all (more than 90 per cent) of the sheep agglutinins have been 
removed by absorption with guinea pig kidney, infectious mononucleosis is probably 
to be excluded. At least Davidsohn has found no other condition except infectious 
mononucleosis, in which guinea pig kidney fails almost completely to remove sheep 
agglutinins from the serum. Consequently this differential test appears to be highly 
specific for infectious mononucleosis while the presumptive test is a quantitative non- 
specific test. 


HEMAGGLUTINATION TEST FOR PRIMARY ATYPICAL PNEUMONIA 

Principles. 1. The detection of cold hemagglutinins is not pathognomonic of pri- 
mary atypical pneumonia and negative reactions do not exclude the disease. The 
incidence of positive reactions in mild cases may be as low as 30 per cent and as high 
as 75 to 90 per cent in severely ili patients. 

2. These agglutinins have been described in trypanosomiasis, black water fever, 
mumps orchitis, hemolytic anemias, certain diseases of the liver and peripheral vas- 
cular disease, but most of these are not too difficult to differentiate from primary 
atypicai pneumonia. 

3. Primary atypical pneumonia is the only respiratory disease which is likely to 
lead either to a large increase in titer of cold hemagglutinins in serial sera or to the 
presence of a high titer in a single serum specimen taken at the proper time after the 
onset of illness. 

4. The agglutinins are either absent, or are present only in low titer, during the 
first few days of illness. They usually begin to appear either late in the first week or 
during the second week and are usually maximum in the period from the middle of the 
second week to the middle of the fourth week. They are usually either absent, or are 
considerably decreased from the fourth to sixth week. 

Procedure. The technic of the test (Am. J. M. Sc., 1944, 208:742) is as follows: 
1. Collect 5 ml. of blood, allow to coagulate and separate the serum. Te test should 
be conducted the same day with serum as fresh as possible. 
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2. The serum need not be inactivated although heating at 56° C. for 30 minutes 
does not interfere with the test. 

3. Defibrinated, oxalated, or citrated human group O erythrocytes may be em- 
ployed. Wash the cells 3 times with physiologic saline solution and then pack them in 
the horizontal centrifuge at 1,500 r.p.m. for 15 minutes. Prepare a suspension of 0.1 
ml. packed cells in 50 ml. of physiologic saline solution (0.2 per cent). The unused 
part of packed cells may be stored at 4° C. in a small amount of original plasma or 
physiologic saline solution. 

4. Arrange 10 test tubes (12 & 100 mm.). Place 0.5 ml. saline solution in Nos. 
Zt 10: 

5. Place 0.5 ml. serum in Nos. 1 and 2. Mix No. 2 and transfer 0.5 ml. to No. 3. 
Mix No. 3 and transfer 0.5 ml. to No. 4, and so on to No. 9 from which 0.5 ml. is 
discarded after mixing. 

6. Place 0.5 ml. of the 0.2 per cent suspension of cells in all tubes. The final dilu- 
tions of serum range from 1:2 in No. 1 to 1:1024 in No. 9. Tube No. 10 is the cor- 
puscle control. 

7. Shake thoroughly and place in a refrigerator at 4° C. overnight. 

8. Next morning remove the tubes and read immediately before warming occurs. 
A fluorescent source of light and a black background are helpful. Readings are graded 
from 4+, which consists of a tight disk of cells which does not break up readily on 
gentle shaking of the tube, to 1+, which is the least amount of definite clumping 
visible to the unaided eye. The end point is the highest final dilution of serum in which 
definite (1+) agglutination occurs. 

9. Positive reactions should be placed in a water bath at 37° C. for 30 minutes 
for the disappearance of agglutination in order to eliminate heteroagglutinins or other 
antibodies which might cause agglutination. 

10. Titers of 1:32 to 1:64 or higher may be considered abnormal. More important 
than a positive reaction at 1:32 or 1:64 with a single serum is finding an increase in 
titers with sera collected during the course of illness. Apparently cold agglutinins are 
not significantly increased in psittacosis (J. Clin. Investigation, 1945, 24:451). 

The technic of the streptococcus M G agglutination test for primary atypical 
pneumonia is described on page 765. 
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Principles. 1. In 1941 Hirst (Science, 1941, 94:22) described the agglutination of 
chicken erythrocytes by the virus of influenza. Later (J. Exper. Med., 1942, 75:49) 
it was shown that type specific anti-influenza serum inhibited agglutination by homo- 
logous virus. In 1947 Whitman (J. Immunol., 1947, 56:167) found that human group 
O erythrocytes could be employed in this hemagglutination-inhibition test. 

2. In influenza due to infection with virus A, a specific antibody develops capable 
of inhibiting the agglutination of group O human erythrocytes by virus A but not by 
virus B; in infections due to virus B, a specific antibody develops capable of inhibiting 
agglutination by virus B but not by virus A. 

3. The antibodies are either absent or are present only in low titer during the first 
few days of illness. They usually begin to appear either later in the first week or during 
the second week and usually reach their maximum in the period from the middle of 
the second week to the middle of the fourth week. 
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4, The majority of normal human sera produce inhibition of agglutination in final 
dilutions below 1:128. In influenza and during convalescence the titers may reach 
1:256 to 1:2048 and occasionally higher. 

5. It is to be stressed that the serologic diagnosis of influenza should be based upon 
a comparison of paired sera from the same patient; and that the first serum should be 
taken not more than three days after the onset of illness, and the second taken not less 
than ten days after onset. 

The following method is slightly modified after that recommended by the Com- 
mittee on Standard Serological Procedures in Influenza Studies (J. Immunol., 1950, 
65:347). 

Reagents. 1. 0.85 per cent sodium chloride in freshly distilled water. 

2. A sterile 2 per cent solution of sodium citrate in sterile saline solution. 

3. A suspension of 0.5 per cent chicken or group O human erythrocytes in saline 
solution. Chicken blood may be added immediately to 0.2 volume of sterile 2 per cent 
sodium citrate solution. Sterile citrated blood stored at 4° C. may be used for as long 
as one week. Type O human blood may be collected in sterile Alsever’s solution. When 
stored at 4° C. the erythrocytes may be used for as long as one month, if maintained 
in a sterile condition. 

Prepare a 0.5 per cent suspension of erythrocytes as follows: (a) wash the cells 
from approximately 10 ml. of the citrated blood three times with about 50 ml. of saline 
solution; (0) after the third washing, transfer the cells with approximately 10 ml. of 
saline solution to a 15 ml. conical, graduated centrifuge tube and centrifuge in a hori- 
zontal position at 1500 r.p.m. for 10 minutes; (c) determine the volume of cells by 
direct reading of the tube graduations, discard the supernatant fluid and suspend the 
cells in 199 volumes of saline solution to make a 0.5 per cent suspension. 

4. The antigen should be prepared from the allantoic fluid of eggs inoculated with 
the PR8, FM-1 or Lee strains of influenza virus. Other strains may be employed, 
provided they are capable of agglutinating the erythrocytes employed. 

5. If available a standard antiserum like anti-PR8, anti-FM-1 or anti-Lee should 
be employed as a control in conducting the test. 

Procedure. 1. Determine the hemagglutinating unit of the virus antigen as follows: 
(a) dilute 1 ml. of antigen with 3 ml. of saline solution (1:4); (6) arrange two rows 
of test tubes (12 & 75 mm. with rounded bottoms), ten tubes in each row; (c) place 
1 ml. of saline solution in each tube of the front row; (d) add 1 ml. of 1:4 antigen to 
the first tube of the front row, mix and transfer 1 ml. to the second tube of the front 
row and 0.25 ml. to the first tube of the back row; (e€) mix the second tube of the 
front row, transfer 1 ml. to the third tube of the front row and 0.25 ml. to the second 
tube of the back row; (f) continue until the series of ten twofold dilutions has been 
distributed when the front row of tubes are discarded; (g) add 0.25 ml. of saline 
solution and 0.5 ml. of erythrocyte suspension to each tube of the back row; () in- 
clude an erythrocyte control of 0.5 ml. of saline solution and 0.5 ml. of the erythrocyte 
suspension; (7) mix all tubes by shaking, keep undisturbed for 60 minutes at 22-24° C. 
or for 90 minutes at 4° C. when the results are read; (j) the tube showing complete 
agglutination is one hemagglutinating unit (7.e. contains one unit of activity); (%) in 
the test use four units of antigen. For example, if the unit is 1:64 use a 1:16 dilution 
(1 part of antigen plus 15 parts of saline solution). 

2. Heat the test sera at 56° C. for 30 minutes (standard antisera are inactivated 
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and should not be heated again). Dilute 0.2 ml. of each test serum with 0.6 ml. of 
saline solution (1:4 dilution). 

3. For each serum to be tested, arrange ten test tubes in a row. Place 0.25 ml. of 
saline solution in Nos. 2 to 9 with 0.5 ml. in No. 10. Add 0.25 ml. of 1:4 dilution of 
serum in Nos. 1 and 2. Mix No. 2 and transfer 0.25 ml. to No. 3 and so on to tube 
No. 8 from which 0.25 ml. is discarded after mixing. Add 0.25 ml. of diluted antigen 
(4 units) to the first 9 tubes and 0.5 ml. of erythrocyte suspension to all 10 tubes. The 
final dilutions of serum now vary from 1:16 in tube No. 1 to 1:2048 in No. 8. Tube 
No. 9 is the antigen control and tube No. 10 is a corpuscle control. 

4. If a standard antigen is being employed a duplicate test should be conducted 
with its standard antiserum in the same manner, with the exception that the latter 
should be diluted according to the directions printed on the label of the container. 

5. Shake all tubes, incubate at 22-24° C. for 60 minutes or at 4° C. for 90 minutes 
and examine. 

6. Tube No. 10 (corpuscle control) should show no agglutination. Tube No. 9 
(antigen control) should show complete agglutination with a salmon-pink film cover- 
ing the entire bottom of the tube. The hemagglutination-inhibition titer of the serum 
is the highest dilution causing inhibition of agglutination. 


CONGLUTINATION 


In 1906 Bordet and Streng and Bordet and Gay, described a colloidal substance 
(conglutinin) in bovine serum heated to 56° C. which has the property of increasing 
the agglutination and hemolysis of erythrocytes treated with specific hemolysin and 
complement. Subsequent investigations have indicated that conglutinin or the X-pro- 
tein of Pedersen, occur as a colloidal aggregate of plasma proteins and that conglutinin 
also increases the agglutination of bacteria in much the same manner as when their 
proteins are adsorbed by colloidin particles (page 755). Wiener and his associates (J. 
Exper. Med., 1947, 86:267) have shown that adult human plasma contains more con- 
glutinin than serum, probably due to the presence of fibrinogen, and that while absent 
in fetal plasma and serum there is a marked increase of conglutinin after birth. Mixing 
4 parts of pooled plasma with 1 part of 25 per cent human albumin was found to 
markedly increase the conglutinin content. Under the circumstances it appears that 
the agglutination of human erythrocytes by univalent antibodies in human plasma 
occurs in two stages, namely, (1) specific adsorption of univalent antibodies, and 
(2) nonspecific adsorption of conglutinin by the sensitized erythrocytes which causes 
them to stick together. 


DONATH-LANDSTEINER AUTOHEMAGGLUTINATION TEST FOR 
PAROXYSMAL HEMOGLOBINURIA 


Procedure. 1. Obtain blood by venous puncture. Add a small portion to 10 volumes 
of 0.85 per cent saline solution. The remainder is placed in a dry tube and allowed to 
clot. The syringe, tubes and saline solution should be warm and the blood kept warm 
during the preparation of the serum and 5 per cent cell suspension. 

2. Wash the cells three times with warm 0.85 per cent saline solution. 

3. Centrifuge the clotted blood and remove the serum as soon as possible. 

4. Obtain blood in the same manner from a normal individual of the same blood 
group as the patient (control) and prepare serum and cell suspension. 
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5. Prepare a 1:10 dilution of fresh guinea pig serum (complement). 
6. Set up the test as follows: 


Control Control 


Immerse in ice 
water — 10 
min. Water- 
bathuectarcue 
C. —30 min. 


7. Set up control test except that chilling in ice water is omitted. 

8. A positive reaction is indicated by hemolysis in tubes 1 and 3 of the first set 
chilled in ice water for 10 minutes followed by water bath at 37° C. for 30 minutes. 
There should be no hemolysis in the control or unchilled set. 


33 


METHODS FOR CONDUCTING COMPLEMENT 
FIXATION TESTS FOR SYPHILIS AND 
OTHER DISEASES * 


GENERAL TECHNIC 


The glassware and apparatus and methods for the preparation of saline solution, 
complement, hemolysin and sheep corpuscles are essentially the same for the different 
complement fixation tests herein described. 

Glassware and Apparatus. 1. Accurate pipets are essential. These should include 
1 ml. pipets graduated in 0.01 ml. to the tip, 5 ml. pipets graduated in 0.1 ml. and 10 
ml. pipets graduated in 0.1 ml. Electrically driven automatic pipets capable of de- 
livering 0.1 to 1.0 ml. volumes with an accuracy within at least 0.02 ml. are con- 
venient for pipeting saline solution, antigen, complement, corpuscle suspension and 
hemolysin. 

2. Test tubes (85 by 13 mm. inside diameter) with rounded bottoms and no lips 
may be used. Galvanized wire racks carrying 12 rows of 6 tubes each are convenient. 

3. Any easily regulated water baths are satisfactory; electric baths with automatic 
thermo-regulators are recommended for maintaining temperatures at 37° C. and 56° C. 

4. Any refrigerator capable of maintaining a constant temperature of 0 to 8°C. is 
satisfactory. The temperature should be checked daily with a thermometer placed in 
the part of the refrigerator that is occupied by the test racks. Temperature should be 
noted when the refrigerator is first opened in the morning if complement fixation tests 
(16- to 18-hour fixation) are stored. 

Method of Cleaning Glassware. 1. All glassware should be chemically clean and 
preferably sterile. To clean tubes and flasks, empty and rinse in running tap water; 
wash inside and outside in soapy water; rinse several times in running tap water and 
invert in wire baskets. Dry in the hot air oven at about 160° C. 

2. Pipets should be placed after use in a jar or cylinder of clean water with a 
pad of cotton in the bottom. To clean pipets, rinse thoroughly in running tap water, 
place in a metal box or wire basket and sterilize in the oven. 

3. Flasks should be plugged with cotton and sterilized in the oven for 30 minutes 
Bee LOU eC. 

4. If glassware becomes cloudy, immerse in bichromate cleaning fluid (2 parts 
potassium bichromate, 3 parts commercial sulfuric acid, and 25 parts water) for 24 


* Grateful acknowledgment is made to Supplement No. 22 of the Journal of Venereal Disease 
Information for material taken from the Manual of Serologic Tests for Syphilis assembled at the 
Venereal Disease Research Laboratory, U. S. Marine Hospital, Dr. John F. Mahoney, director. 
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hours. Rinse thoroughly in running tap water and proceed with the washing as de- 
scribed. 

5. Test tubes or pipets that become etched or scratched to a degree that will 
interfere with test readings should be discarded and replaced. 

Preparation of Saline Solution. 1. Thoroughly dry C.P. sodium chloride in a hot 
air oven and dissolve 8.5 gms. in 1000 ml. of freshly distilled water (0.85 per cent 
sclution). It is convenient to weigh and dispense this amount of sodium chloride in 
tightly stoppered test tubes sufficient for a month and thereby avoiding the necessity 
of drying and weighing each time a fresh solution is required. Otherwise a stock solu- 
tion of 17 per cent sodium chloride in distilled water may be prepared and SO ml. 
diluted with 950 ml. of distilled water as saline solution (0.85 per cent) is required. 

2. Distilled water of poor quality may result from failure to clean the still or 
bottle trap as frequently as needed. The kind of tap water used and the number of 
hours per day the still is in operation will determine the frequency of cleaning. When 
a bottle or tank trap is attached to the water still, attention should also be given to 
keeping this section clean. 

3. It is advisable but not always essential to add 1.0 ml. of a 10 per cent solution 
of magnesium sulfate in distilled water to each 1000 ml. of solution as recommended 
by Kellogg. 

4, Filter through paper into a flask fitted with a gauze-covered cotton stopper. 
Sterilize by heating in an Arnold sterilizer for 1 hour before use (not essential if im- 
mediately used). 

5. A satisfactory saline solution should not be hemolytic when 1 or 3 drops of 
washed sheep corpuscles are added to 5 ml. in a test tube followed by water bath incu- 
bation at 37° C. for an hour. Neither should it be anticomplementary in complement 
and hemolysin titrations. 

Preparation of Sheep Corpuscles. 1. Sheep corpuscles may be too resistant or 
too susceptible to the hemolytic action of complement and hemolysin. As the reac- 
tivity of a complement fixation test is influenced by the quality of sheep corpuscles 
employed, particular attention should be given to the cells employed. The effects of 
bacterial contamination on sheep cell reactivity are unpredictable and only aseptically 
collected sheep blood in sterile containers is recommended for use in complement fixa- 
tion tests. 

2. Erythrocytes from an occasional sheep will be found exceptionally resistant to 
the hemolytic action of complement and hemolysin. Whenever blood from an untested 
sheep is used, comparative complement and hemolysin titrations should be made, 
employing other sheep corpuscles of acceptable quality. 

3. Sheep corpuscles are too fragile for use when a saline suspension of washed 
cells, prepared as directed by the test employed, shows any degree of hemolysis when 
stored overnight at 6° to 8° C. 

4. The method of choice is to collect blood from an external jugular vein (page 
32), as aseptically as possible, in a sterile container with sterile glass beads for 
defibrination by thorough shaking. To each 10 ml. of blood add 0.1 ml. of a 1 per cent 
solution of formalin in saline solution as a preservative. Otherwise blood may be col- 
lected at an abattoir in a sterile quart sized mason jar containing 30 ml. of a sterile 
10 per cent solution of sodium citrate in saline solution and 2 ml. of formalin and 
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thoroughly mixed. By these methods the corpuscles are ordinarily preserved for at 
least a week in the refrigerator. 

5. According to Bukantz, Rein and Kent (J. Lab. & Clin. Med., 1946, 31:394) 
however, sheep corpuscles may be preserved in a refrigerator for as long as 10 weeks 
by using a modified Alsever solution prepared as follows: 


DEEL OSE Matte: NC ne ye ee ae ee Ae 20.50 gm 
SOdhin CHTAtG MEN es fo els Ce te ate te. pen. 8.00 gm 
DOCMIMBCMOMGE ee ene EY ah, eh Le eee SUR cen tae 4.20 gm 
Cibeig. saeitl aie ange 89s, Cie De eet ey ee 0.55 gm. 
Distilled i watergrer.sue Weakest eek eal ee 1000.00 ml. 


Sterilize in the Arnold steamer for 1 hour 


Place 150 ml. of the solution in a sterile container and collect 150 ml. of blood (50 
per cent suspension). Mix thoroughly and place 50 ml. in each of 6 sterile bottles and 
keep in a refrigerator. Ordinarily about 15 ml. of the mixture will yield sufficient 
washed packed corpuscles for the preparation of about 200 ml. of a 2 per cent sus- 
pension in saline solution. 

6. For use, filter a small quantity of blood through cotton into a graduated 
centrifuge tube. Allow twice as much blood as the amount of cells required. Add 2 or 
3 volumes of saline solution. Centrifuge at a moderate velocity until it is ascertained 
that all the corpuscles are thrown down. Remove the supernatant fluid with a capillary 
pipet or by suction (Fig. 345). Add 3 or 4 volumes of saline solution; mix by inverting 
and centrifuge again for the same length of time. Repeat the process for a third time 
but centrifuge twice as long as in the first washing in order to pack the cells evenly 
and firmly. Cells should be washed until the supernatant fluid is almost colorless. 
Three washings are usually sufficient. (If more than 4 washings are necessary, the 
cells are too fragile for use.) Carefully remove the supernatant fluid. 

Preparation of Antisheep Hemolysin. Give a rabbit 5 or 6 intravenous injections 
of 5 ml. of a 10 per cent suspension of washed sheep corpuscles every 5 days. Bleed 
the rabbit 7 to 9 days after the last injection if a preliminary titration is satisfactory. 
Separate the serum (it need not be inactivated) and preserve with an equal part of 
best grade neutral glycerin. Keep in a refrigerator. 

The method employed at the Venereal Disease Research Laboratory is as follows: 
1. Select large healthy rabbits. Color of fur is not important but ear veins are more 
readily located in albinos. 

2. Prepare sheep cell suspensions by washing sheep red cells with 8 to 10 volumes 
of 0.9 per cent saline two or more times and then resuspending the packed cells in 
0.9 per cent saline to give a 10 per cent suspension. 

3. Give each rabbit a series of six inoculations of the washed sheep cell suspension 
through the marginal ear vein. Injections are given at 3- to 4-day intervals, usually on 
Monday and Friday of each week as follows: first 2 ml., second 4 ml., third and balance 
5 ml. each. 

4. Each rabbit is also inoculated subcutaneously with 0.5 ml. of sheep cell sus- 
pension, to be used that day, 15 to 30 minutes before intravenous injection is given. 

5. Cell suspension for intravenous injection is warmed to room or body tempera- 
ture and injected slowly through a 25-gauge needle. 

6. Test bleedings are made 7 to 9 days after the last injection by piercing the 
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marginal ear vein with a stylet and collecting approximately 1.0 ml. of blood in a 
small tube. 

7. Serum is separated from test-bleeding bloods by centrifuging after clotting is 
completed. 

8. Each rabbit serum is titrated for hemolysin content by the method described 
in the Kolmer complement fixation test (page 816). 

9. Exsanguinate those rabbits having a hemolysin titration unit of 1:5000 dilution 
or higher. 


y 


ap 


Fig. 345. Suction pump. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 


10. Separate sera from blood clots, pool, and preserve by the addition of an equal 
volume of best grade neutral glycerin. Keep in refrigerator where activity is main- 
tained over long periods of time. 

Preparation of Complement. 1. Guinea pig serum may possess the following un- 
desirable properties: (a@) complement activity less than the prescribed minimum, (d) 
complement activity greater than the prescribed minimum, or (c) the complement is 
partially or completely fixed by other portions of the serum in combination with the 
antigen used. 
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2. Low complement titers may be due to improper feeding or housing of guinea 
pigs or, most commonly, through loss of reactivity during storage. Complement stored 
as a liquid (with preservative added) at refrigerator temperature or in a frozen state 
should be adequately protected from partial drying as a result of evaporation. Aliquots 
sufficient for one day’s use should be placed in containers to avoid complement 
destruction due to repeated warming to room temperature. 

3. Technicians may be deceived by restoring dried complement serum to only one 
half or two thirds of the original serum volume and then omitting the serum concen- 
tration factor when calculating the dilution to employ. Defective complement may be 
made to appear satisfactory in this way. This practice, used to circumvent technical 
difficulties, is to be discouraged. 

4. Individual guinea pig sera may possess complement in higher titer than is 
optimum in some complement fixation tests. The pooling of serum from several guinea 
pigs will usually correct this condition. 

5. The property of nonspecifically fixing complement in the presence of antigen at 
low temperature is possessed by some guinea pig complement sera. Pretesting the 
complement of individual guinea pigs will allow the selection of a suitable mixture 
of sera. However, a complement satisfactory for use with one antigen may be unsuit- 
able with another. 

6. At the present time pooled dried complement sera are widely employed and are 
commercially available. As a general rule they are quite satisfactory although occa- 
sional lots of unsatisfactory complement may be encountered. 

7. Otherwise the pooled sera of at least 3 to 5 healthy guinea pigs should be used. 
Select large, well-nourished animals that have not been fed for at least 12 hours; avoid 
pregnant animals. 

8. An excellent and economical procedure is to maintain a colony of guinea pigs 
and to remove 4 to 5 ml. of blood from the hearts of a sufficient number in centrifuge 
tubes to yield the required amount of complement serum. The animals may be bled in 
rotation every 4 to 6 weeks. The technic is described on page 31. Otherwise each 
animal may be exsanguinated as follows: anesthetize the pig lightly with ether or 
stun the animal with 1 or 2 sharp blows on the head; sever the large blood vessels on 
both sides of the neck, being careful not to cut the esophagus or trachea; collect the 
blood in centrifuge tubes by means of a large funnel. With either method Kolmer 
advises placing the blood in an incubator at 37° C. for an hour before the clots are 
broken up and centrifuged for the collection of serum. Otherwise they may be kept at 
room temperature for an hour or two and then placed in a refrigerator overnight when 
the sera are separated. 

9. Pooled complement sera may be preserved by various methods. (a) The most 
satisfactory is by evaporation of 5 ml. amounts in separate ampules in the frozen state 
in vacuo by the lyophile or cryochem methods. It usually retains both hemolytic 
activity and fixability for 8 to 12 months if kept at a low temperature in a refrigerator. 
By adding 5 ml. of distilled water the material goes into immediate solution upon 
gentle shaking and is ready for use in the same manner as fresh serum. 

(b) Otherwise Rhamy’s sodium acetate method as modified by Sonnenschein 
(Ztschr. f. Immunitatsforsch u. exper. Therap., 1930, 67:512) may be employed by 
adding to the complement serum an equal part of a solution prepared by dissolving 
12 gm. sodium acetate and 4 gm. boric acid in 100 ml. distilled water. For use 2 ml. 
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diluted with 8 ml. of saline solution gives a 1:10 dilution of complement or 1 ml. 
diluted with 14 ml. of saline solution a 1:30 dilution. 

(c) Preservation with sodium chloride may also be employed by adding 1.0 gm. 
per 10 ml. of serum and mixing thoroughly. For use 1 ml. diluted with 9 ml. of dis- 
tilled water gives a 1:10 dilution in isotonic saline solution from which a 1:30 dilution 
may be prepared. In either case the preserved complement should be kept in a nearly 
frozen state in the freezing compartment of a refrigerator. As the complement loses 
first in fixability by syphilis antigen and reagin, it may not be satisfactory for longer 
than 3 or 4 weeks. 

Preparation of Sera. 1. All specimens are lined up and properly labelled. 

2. The sera are removed from the clots with capillary pipets to test tubes properly 
labelled. Great care is required to prevent errors in labelling and confusion of sera. 
Each serum should be free of corpuscles, otherwise it is necessary to break up the clots 
with wooden applicators (one for each serum) and to centrifuge for clear serum. Slight 
tinging with hemoglobin does no harm. Sera containing large amounts of hemoglobin 
are likely to be anticomplementary and unsatisfactory for both complement fixation 
and flocculation tests. 

3. It is not necessary to remove the natural antisheep hemolysins by absorption 
with thoroughly washed sheep corpuscles although this tends to increase the sensitive- 
ness of complement fixation reactions and especially in the case of sera containing 
small amounts of syphilis antibody. Kolmer recommends the routine removal of natural 
hemolysins when conditions permit in order to secure reactions of maximum sensitive- 
ness, but when large numbers of sera require testing it may be omitted. The method 
for removal of natural antisheep hemolysins from sera is as follows: 

(a) To each is added a drop of washed sheep corpuscle sediment for approximately 
each 2 ml. of blood and serum as gauged by inspection. 

(6) Each specimen is then thoroughly mixed with a wooden applicator (1 for 
each serum). 

(c) All are then placed in a refrigerator for 15 minutes to enable the sheep cor- 
puscles to absorb the hemolysins with none or but a minimum and harmless amount 
of hemolysis. 

(d) All specimens are now centrifuged and the sera separated into test tubes prop- 
erly labelled. 

(e) The sera are then heated in a water bath, the temperature and duration vary- 
ing according to the method employed. If serum has been heated a day or two before 
the actual test, it should be reheated for 5 minutes at 56° C. before proceeding with 
the test. 

4. Stackhous (Am. J. M. Technol., 1946, 12:263) has described the following 
method: (a) centrifuge the tubes to obtain clear sera but do not transfer the super- 
natant sera to other tubes, (D) heat in a water bath at 56° C. for 30 minutes if floc- 
culation tests are also to be conducted, (c) allow the specimens to cool to room 
temperature for 5 to 10 minutes, (d) add 1 drop of washed packed sheep erythrocytes 
to each tube and mix thoroughly by agitation, (e) allow to stand at room temperature 
for 30 minutes, and (f) centrifuge until the supernatant sera are clear. 

Preparation ef Spinal Fluids. These are usually tested without any preliminary 
preparation as they do not contain enough natural antisheep hemolysin to require 
removal or enough complement to require inactivation by heating at 55° C. If a 
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specimen contains considerable blood which has not had time to settle out, it should 
be centrifuged. Otherwise no preparation is required as spinal fluids are tested as 
delivered without preliminary heating unless they are more than 3 days old, in which 
case they may be heated at 55° C. for 15 minutes to remove thermolabile anti-comple- 
mentary substances. As a general rule, however, spinal fluids are not anti-comple- 
mentary unless heavily contaminated with bacteria (cloudy). 

Since spinal fluids, however, may become contaminated during collection, it is 
advisable to add merthiolate as a bacteriostatic agent and especially when they are 
mailed during the warmer months of the year. Collection tubes containing merthiolate 
may be prepared as follows: 1. Prepare the merthiolate solution by adding 1.0 gm. of 
merthiolate powder to each 100 ml. of distilled water (1 per cent). Do not use com- 
mercially prepared tinctures or solutions. 

2. Place 0.1 ml. of the solution in the bottom of 13 & 100 mm. test tubes. 

3. Place tubes in vacuum desiccator over calcium chloride at room temperature 
protected from light. Dehydration is usually complete in 24 hours if adequate vacuum 
is established. 

4. Prepare paraffined corks by submerging corks in hot, but not smoking, paraffin 
for 1 minute and removing excess paraffin from corks by rolling them on cloth while 
hot. 

5. Remove tubes from desiccator and stopper tightly with paraffined corks. 

6. Store tubes in the dark. They will remain usable for several months. 

7. The concentration of merthiolate obtained when 2.0 ml. to 8.0 ml. of spinal 
fluid is added to these tubes is sufficient to inhibit bacterial growth in transit. 

8. Smaller tubes (12 & 75 mm.) prepared in this manner and containing 1 mg. of 
merthiolate are suitable for shipment of 2.0 ml. to 4.0 ml. of serum. 


BOERNER-LUKENS COMPLEMENT FIXATION TEST FOR SYPHILIS 

Preparation of Antigen. 1. Place 10 gm. of powdered beef heart (Difco) in a 
flask of 1000 or 2000 ml. capacity. 

2. Add 225 ml. of absolute alcohol and 75 ml. of ether (U.S.P.) and allow to stand 
at room temperature for 4 hour, shaking thoroughly every 5 minutes or shake con- 
tinuously for 15 minutes. 

3. Filter through filter paper and discard the residue. 

4. Place the filtrate in a large flask or beaker and evaporate to 50 ml. by boiling 
in a water bath or on a hot plate. If the concentrated extract is less than 50 ml., add 
sufficient absolute alcohol to this amount. 

5. Place the concentrated filtrate in the refrigerator at 6° to 8° C. overnight. A 
heavy precipitate will form. 

6. Filter through paper. This filtration should be done in the refrigerator so that 
the filtration will be completed while the solution is still cold. It is advisable to place 
the funnel, filter paper, and flask in the refrigerator about 72 hour before filtering. 

7. Add 4 mg. of cholesterol to each ml. of filtrate and warm in water bath until 
dissolved. This is the finished antigen. 

8. Antigens prepared by this method are slightly more anticomplementary than 
the alcohol used in their preparation. It is therefore unnecessary to titrate for 
anticomplementary properties. The dilution of antigen to be employed in the test is 
1:1000. Each lot of antigen should be tested for its antigenic properties by running a 
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series of tests with positive serum diluted with negative and compared with other 
satisfactory antigens run at the same time. 

Hemolytic System and Its Adjustment. 1. Prepare a 1.5 per cent suspension of 
packed sheep erythrocytes in saline solution. 

2. Prepare a 1:20 stock solution of antisheep hemolysin by mixing 2 ml. of 
glycerinized hemolysin (50 per cent), 9 ml. of saline solution and 9 ml. of neutral 
glycerine. 

3. Dilute 2 ml. of complement preserved by the Rhamy method as modified by 
Sonnenschein, with 28 ml. of saline solution (1:30) or 1 ml. of fresh undiluted com- 
plement with 29 ml. of saline solution (1:30). Complement preserved by the lyophile 
or cryochem processes should be restored by adding distilled water or preservative in 
amount equal to the original amount of guinea pig serum placed in the container. 
This restored complement is then diluted 1:30 by placing 1 ml. in 29 ml. of saline 
solution. 

4. Prepare a 1:75 dilution of complement by diluting 4 ml. of 1:30 complement 
with 6 ml. of saline solution. 

5. Arrange 8 tubes in a series and mark them 1 to 8 inclusive. 

6. Prepare a 1:100 dilution of antisheep hemolysin in complement by adding 0.1 
ml. of the 1:20 stock solution of hemolysin to 0.4 ml. of 1:75 complement dilution. 
Make further dilutions of hemolysin as shown in Table 47. 

7. Discard 0.5 ml. from tubes 3, 7, and 8. 

8. To all tubes add 0.5 ml. of 0.75 per cent sheep cell suspension prepared by 
using an equal volume of 1.5 per cent cell suspension prepared for use in the test, and 
an equal volume of saline. 

9. Mix by shaking rack and place in water bath at 37° C. for 30 minutes. 

10. The titer is the highest dilution of hemolysin showing complete hemolysis. 
For sensitizing the cells to be used in the test proper, 4 times this amount is used. 
This dilution is prepared from the 1:20 stock solution of hemolysin. A complement 
not producing complete hemolysis in at least 1:5000 dilution of hemolysin is con- 
sidered unsatisfactory. 


TABLE 47. ADJUSTING THE HEMOLYTIC SYSTEM 
Complement Hemolysin 


Hemolysin Dilution 


~ ef 1100 

. from tube 
. from tube 
. from tube 
. from tube 
. from tube 
. from tube 
. from tube 


:1000 
75000 
:7500 
:10,000 
:15,000 
:20,000 
730,000 
:40,000 


1 
2 
3 
4 
5 
6 
7 
8 


Dum WN ee 
ee 


11. Example: Titer—1:20,C00. 
Four times this amount = 1:5000 
Diluting from 1:20 stock = 1 ml. of 1:20 hemolysin plus 249 mi. saline solution. 
Smaller amounts can be prepared, depending on the number of tests te be done. To 
the hemolysin thus prepared an equal volume of 1.5 per cent sheep cell suspension is 
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added. This mixture must stand at least 15 minutes before using in the test to insure 
sensitization of the cells. 

Pretesting Complement. 1. For each guinea pig serum or lot of pooled sera to be 
tested arrange 2 tubes. 

2. To tube 1 add 2.9 ml. of saline solution if the complement is diluted with 
preservative; to the second tube add 0.5 ml. of saline solution. If the complement is 
not diluted with preservative, 2.95 ml. of saline solution should be added to tube 1. 

3. To tube 1 add 0.1 ml. of preserved serum. This gives a 1:60 dilution of serum. 
If complement is not diluted with preservative, 0.05 ml. should be added to tube 1. 

4. Mix tube 1, discard 2.0 ml. and transfer 0.5 ml. to tube 2; mix tube 2, and dis- 
card 0.5 ml. This gives a 1:60 and a 1:120 dilution of serum. 

5. Prepare a 1:200 dilution of antigen by first making a 1:10 by adding 0.1 ml. 
of antigen drop by drop to 0.9 ml. of saline; then dilute to 20 ml. with saline. 

6. To each of the 2 tubes of diluted complement add 0.1 ml. of the 1:200 antigen 
dilution. 

7. Incubate all tubes at 6° to 8° C. for 18 hours. 

8. Place in water bath at 37° C. for 10 minutes. 

9. To all tubes add 0.5 ml. of 0.75 per cent sensitized sheep cells. 

10. Mix well by shaking and place in water bath at 37° C. for % hour. 

11. Sera giving complete hemolysis in the.1:60 dilution are considered satisfac- 
tory. Pool all the satisfactory sera and store in the frozen state in amounts equal to 
each day’s work. Sera giving slight inhibition in the 1:60 may be tested with another 
antigen and if satisfactory may be used with that antigen, or it may be mixed with 
5 or more sera which give complete hemolysis in the 1:120 dose. 

Preparation of Antigen-Complement Mixture (A-C Mixture). 1. Estimate the 
amount of A-C mixture required, allowing 0.5 ml. for each dose. 

2. Prepare a 1:30 dilution of complement (sufficient amount for tests). 

3. Prepare a 1:10 dilution of antigen by adding 0.1 ml. of antigen drop by drop 
to 0.9 ml. of 1:30 complement. 

4, Dilute 1:10 antigen dilution further to a 1:1000 dilution in 1:30 complement. 
A simple method for calculating amount of 1:10 antigen to be added to the comple- 
ment to make the A-C mixture is as follows: divide the amount of A-C mixture to 
be used by 100. This gives the amount of 1:10 antigen to add to sufficient complement 
to make this amount. 

Qualitative Serum Test. 1. For each serum to be tested, 2 tubes are used (Kolmer 
or Kahn). To each tube add 0.1 ml. of serum (Table 48). Place in water bath at 58° C. 
for 10 minutes, or the serum may be inactivated at 56° C. for 30 minutes before 
placing in tubes. The latter is often more desirable when other tests are to be per- 
formed on the same sera. 

2. Include 3 reagent controls, antigen, hemolytic and corpuscle. 

. To tube 1, add 0.5 ml. of A-C mixture. 

. To tube 2, add 0.5 ml. of 1:30 complement (serum control). 

. Mix by shaking rack. Place in icebox at 6° to 8° C. for 15 to 18 hours. 
. Place in water bath at 37° C. for 10 minutes. 

7. To both tubes add 0.5 ml. of 0.75 per cent sensitized sheep cell suspension (cells 
should be sensitized 15 minutes before using). 

8. Mix by shaking rack and place in water bath at 37° C. for % hour. 


Numb WwW 
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TABLE 48. SIMPLIFIED COMPLEMENT FIXATION TEST (QUALITATIVE). 


Sensitized 
Cells 
0.75°/ ml. 


Patient’s A-C 
Serum Mixture 
mil. ml. 
0.1 0.5 
0.1 — 


0.5 
0.5 


oO 
° 

~m 
ise) 


Controls 
Antigen —_ 
Complement —_ 


Cells 0.5 
Saline 
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Incubate in water bath at 37° C. 
for 1/2 hour; make readings. 
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9. Read the reactions as follows: 


HEMOLYSIS REPORT 

100 per cent inhibition plus 4 = Positive 
75 per cent inhibition plus 3 = Weakly positive 
50 per cent inhibition plus 2 = Weakly positive 

25 per cent inhibition plus 1 = Doubtful 

12.5 per cent inhibition plus-minus = Doubtful 

Less than 12.5 per cent inhibition = Negative 


10. Anticomplementary sera should be retested using 0.05 ml. of serum. If serum 
is still anticomplementary on retesting with the smaller amount of serum, a repeat 
specimen should be requested. 

Quantitative Serum Test. 1. For each serum to be tested, 3 or more tubes are used. 

2. To all tubes except the last add 0.2 ml. of saline. 

3. Add 0.2 ml. of inactivated serum to tube 1 and 0.1 ml. to the last tube (serum 
control). 

4. Mix tube 1 and transfer 0.2 ml. to tube 2; mix tube 2 and transfer 0.2 ml. to 
tube 3; and continue transferring until the next to the last tube is reached. Then dis- 
card 0.2 ml. 

5. Continue in same manner as described under qualitative test, adding 0.5 ml. 
of A-C mixture to all tubes except the last. To the last tube, add 0.5 ml. of 1:30 
complement. 

Qualitative Spinal Fluid Test. 1. For each fluid to be tested use 2 tubes. 

2. Place 0.25 ml. fluid in each tube. 

3. Heat at 58° C. for 10 minutes, or at 56° C. for 30 minutes. 

4. Continue as in qualitative test for sera. 

5. If the complement used is not pretested egg albumin should be added to each 
tube (0.1 ml. of a 50 per cent solution ef egg white in saline solution as recommended 
by Boerner and Lukens, Am. J. Clin. Path., 1941, 11:71; Am. J. M. Technol., 1942, 
8:114). 

Quantitative Spinal Fluid Test. 1. The test is the same as described for blood 
serum, except the spinal fluid is diluted as follows: 
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To all tubes except the first and last, add 0.25 ml. of saline; then add 0.25 ml. of 
spinal fluid to the first, second, and last; mix and transfer 0.25 ml. from tube 2 to 
tube 3, continuing transfers until next to the last tube, then discard 0.25 ml. from this 
tube. 

2. Continue as in qualitative test for sera. 
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Preparation of Antigen. 1. Weigh 50 gm. of beef heart powder (Difco Labora- 
tories, Inc., Detroit, Mich.) and transfer to a 500 ml. glass-stoppered Erlenmeyer flask. 

2. Add 250 ml. pure anesthetic ether (5 ml. per gram powder) and incubate for 
15 minutes at 30° to 37° C. with frequent shaking. 

3. Filter through fat-free filter paper with suction. Discard this and all other 
ether extractions. 

4. Add 250 ml. pure anesthetic ether to the moist powder and repeat extraction 
as before. 

5. Repeat ether extraction for a total of four times. 

6. Wash beef heart powder with 100 ml. of fresh anesthetic ether while the powder 
is in the filter funnel. 

7. Remove powder from funnel and allow to dry at room temperature until free 
of ether. 

8. Place powder in ether-free, glass-stoppered Erlenmeyer flask and add 5 ml. 
absolute alcohol per gram of powder. Note the quantity of alcohol employed. 

9. Extract beef heart powder for 5 days at room temperature while stored in a 
dark place. 

10. Filter alcoholic extract through fat-free filter paper. 

11. Wash powder in the filter funnel with small portions of fresh alcohol until the 
volume of the combined alcoholic filtrate and washings is equal to the quantity of 
alcohol originally used for extraction. 

12. Add 6.0 mg. of cholesterol to every milliliter of alcoholic extract. 

13. Warm antigen (cholesterolized alcohol extract) in a 56° C. water bath until 
the cholesterol is in solution. This antigen should be stored at room temperature. 

Hemolytic System and Its Adjustment. 1. Prepare a 3 per cent suspension of 
washed sheep cells by washing them into a flask with a volume of saline solution cal- 
culated by use of the following formula: 


OME go De EeO ae x 97 = volume of saline required 


3 
Example: Volume of packed cells 3.3 ml. 
eo x 97 = 106.7 ml. of saline required 
3 ml. 


Place the flask of cell suspension in refrigerator when not in use. Always shake flask 
before using to secure an even suspension of cells since the cells settle to the bottom 
of the flask when allowed to stand. 

2. The complement is used in a 1:10 dilution. Dried complement serum should 
be restored to original volume by adding the prescribed amount of buffered diluent or 
distilled water and should be stored in the refrigerator. 
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3. Prepare a 1:100 stock hemolysin dilution as follows: 


Sealine Solutii@y (OMS oS? CBI) 65 ocduhasnae ge abonosat 94.0 ml. 
Phenol (oper centsin saline) lscum, ee eo eee: 4.0 ml. 
Glycerinized hemolysin (50 per cent) ..-........--..- 2.0 ml. 


The phenol should be mixed well with saline before glycerinized hemolysin is 
added. This solution keeps well at refrigerator temperature but should be discarded 
when found to contain precipitate. Dilutions of hemolysin are prepared by further 
diluting aliquots of the 1:100 solution. The minimal hemolytic quantity (unit) of 
hemolysin must be determined daily for the particular cell suspension used. 

Conduct the hemolysin titration as follows: (a) place seven 13 100 mm. test 
tubes in a rack. (6) Prepare a 1:1200 dilution of hemolysin by pipetting 11 ml. of 
saline into a 25 ml. Erlenmeyer flask and adding 1 ml. of 1:100 stock hemolysin 
solution. (c) Prepare a series of hemolysin dilutions from the 1:1200 dilution as 
follows: 


Final dilution of hemolysin 


Se) 1:1400| 1:1600 1:2000| 1:2400] 1:3000 


0.34 0.3 0.24 0.2 0.16 
0.06 0.1 0.16 0.2 0.24 


1:1200 hemolysin, ml. .. 0.4 
0.85 per cent saline, ml. .. None 


(d) Prepare a 1:25 dilution of complement by adding 0.2 ml. of guinea pig serum to 
4.8 ml. of salt solution and add reagents to tubes as follows: 


Hemolysin dilution 


1:1200] 1:1400] 1:1600) 1:2000) 1:2400] 1:3000] 1:4000 

ml. ml. ml. ml. ml. ml. ml. 
Hemolysin dilution ....... 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Complements 1:25 2). 3.3): 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
3 per cent cell suspension. . 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
O:35 per cent saline ~ 2). 5. 0.8 0.8 0.8 0.8 0.8 0.8 0.8 


(e) Place rack in 37° C. water bath for 30 minutes. (f) Remove rack from water bath 
and read hemolysin titration. The titer of hemolysin is the highest dilution that pro- 
duces complete hemolysis. 

Check hemolysin titration in the following manner: (a) Prepare three smal! lots 
of sensitized cells (about 8 to 12 ml.), by mixing equal parts of diluted hemolysin and 
3 per cent cell suspension. The three hemolysin titers used should bracket the observed 
titration point as follows: 


Example: Observed titration equals 1:2000 dilution. 
Therefore, sensitize cells with hemolysin diluted: 
1:1600 (next lower titer). 
1:2000 (observed titer). 
1:2400 ‘next higher titer). 


Volumes of dilute hemolysin and cell suspension that may be used in preparing the 
small quantities of sensitized cells required are presented in the following outline: 
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1:100 stock 
hemolysin solution 


3 per cent cell 
suspension 


0.85 per cent 
saline 


(6) Remove three sets of complement controls from the refrigerator and place in the 
37° C, water bath for 30 minutes. (c) Remove complement controls from the water 
bath, and add 0.8 ml. of each lot of sensitized cell suspension to each tube of one set 
of complement control tubes. Mix by shaking. (d) Place rack containing the three sets 
of complement control tubes in 37° C. water bath for 30 minutes. (e) Remove rack 
from water bath and observe degree of hemolysis. (f) The first two tubes of the com- 
plement titration should be completely hemolyzed; tube 3 should be partially 
hemolyzed, and tube 4 should show little or no lysis. Any error in the hemolysin titra- 
tion is apparent at once. If the first tube only is completely hemolyzed, the cells have 
been inadequately sensitized, and more hemolysin should be added. If three tubes show 
complete lysis, an excess of hemolysin has been used. (g) Select as the correct hemo- 
lysin titer that dilution of hemolysin which is found to meet the stated condition. 

It is essential to pretest individual complement sera to insure that they are not 
inactivated by antigen under the conditions of the complement fixation test. This may 
be carried out as follows: 


Hemolytic activity of 
complement after incu- 
bation without antigen 
_ under conditions of 


Hemolytic activity of 
complement after incu- 
bation with antigen 
under conditions of 


test test 
Antigen dilution as used in test, ml.| 0 0 0 O04.) 0:4 S104 0.4 
i410 complement dilution, mb .-2:4/.;0.4 |) 0.3" | (0.2. |0.15 | 0.4. | 10.325), 0.2 0.15 
0.85 per cent NaCl solution, ml. ..| 0.8 | 0.9 | 1.0 | 1.1 O42! | Or | CO 0.6 


Four hours in refrigerator, followed by % hour in 
37° C. water bath: 0.8 ml. sensitized cells as used 
in test then added 


Results of hemolysis 


ConiplententwAt en ace leet. Com- |Com-|Com-|Par- |Com-|Com-|Par- |None. 
plete. | plete. |plete. | tial. |plete. |plete.| tial. 
GomplementeBir. ae ee Com- |Com- |Com-|Par- |Com-|Com- |Com- | Par- 
plete. |plete. |plete.| tial. | plete. |plete. |plete.| tial. 
Complements Coe se ae ae Com-|Com-|Par- |None.|Par- |Par- |None. |None. 
plete. | plete. | tial. tial. | tial. 
Complement A. Minor deterioration under influence of antigen, suitable for use. Comple- 


ment B. No deterioration under influence of antigen, suitable for use. Complement C. Com- 
plement largely inactivated under influence of antigen, not suitable for use. 
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Titration of Antigen. Each lot of antigen should be tested once for its anticom- 
plementary and hemolytic activities, to insure that these undesirable properties are not 
so pronounced as to interfere with its use in the test. 

In the anticomplementary titration prepare the following dilutions of antigen: 


Final dilution of antigen if eal 122 


ANoNxSy, Toll, | ahaa c SA 0.4 0.2 


0.85 per cent saline, ml. none 0.2 


Antigen dilution 


esl 2 ies 1:4 1:6 1:8 Leah: 
Antigen dilution, ml. .. 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
0.85 per cent saline, ml. 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Complement, 1:10 ml. .. 0.4 0.4 0.4 0.4 0.4 0.4 0.4 


After 4 hours at 6° to 8° C. followed by 30 minutes at 37° C. add 0.8 ml. of 
sensitized cells to all tubes and return to water bath for 30 minutes. 


Example of hemolysis after 30} Com- Par- 


minutes at 37° C. plete. | None. | None. tial. 


In this example, antigen is not anticomplementary in greater than 1:6 dilution. 
In the hemolytic titration prepare dilutions of antigen in the same manner and 
complete the test as follows: 


Antigen dilution 


1:6 


5 ml. 
Antigen dilution : é : ; 0.4 
0.85 per cent saline .... 3 j ? ‘ 1.2 
3 per cent cell suspension : E ‘ 0.4 


Readings are made after tubes have been in 37° C. water bath for 30 minutes. 


= of hemolysis. . 


In this example antigen is not significantly hemolytic. 
The antigenic titration, which is determined only once with each ist of antigen, is 
conducted as follows: 
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1. Prepare 1:40 antigen dilution by slowly pouring 39 ml. 0.85 per cent saline 
solution into a flask containing 1 ml. of antigen. Then prepare dilutions of antigen 
according to the following outline: 


Final dilution of antigen ..... 


1:40 antigen dilution, ml. .... 8.0 4.0 
0.85 per cent saline, ml. ..... None. 4.0 


2. Prepare dilutions of a heated, strongly positive serum according to the following 
outline: 


Final dilution of serum : 3 ; 2 1:16 


SOiiney, tall} et eae 2.0 0.25 0.125 0.062 
0.85 per cent saline, ml. 2.0 eS) 3.9 4.0 


3. Perform the titration as outlined in the following table. Recordings illustrate a 
typical titration result. 


Result of the complement-fixation test on serum diluted with salt 
solution 


Antigen dilution 


re 
_ 
ead 
bo 
pay 
- 


1:8 1:16 Li: 


Ow 
Do 
i 
D> 
aS 


++++++ 
+H++h | 


4. The most reactive dilution is considered the optimum antigen dilution. The 
example shown in the preceding table indicates that the antigen tested was most re- 
active in dilutions of 1:120 or 1:160. In preparing the antigen for daily use in the test, 
the correct volume of salt solution is slowly poured into one volume of antigen. The 
antigen dilution should be opalescent and homogeneous, containing no visible granules. 

Qualitative Serum Tests. 1. Heat sera at 56° C. for 20 to 30 minutes or at 60° 
to 62° C. for 3 minutes. Previously heated sera should be reheated for 5 minutes at 
56° C. on day of testing. For maximum sensitivity remove the natural antisheep 
hemolysins. 

2. Arrange test tubes (13 & 100 mm.) in racks so that there are two tubes for 
each serum, including positive and negative control sera. Number first row of tubes to 
correspond to the sera being tested. 

3. Pipet 0.2 ml. of saline into each tube of the first row. 

4. Pipet 0.6 ml. of saline into each tube of the second row. 

5. Add 0.2 ml. of heated serum to the two tubes of the test. 

6. Add 0.4 ml. of 1:10 dilution of complement serum to each tube (1 ml. comple- 
ment diluted with 9 ml. of cold saline solution). 
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7. Add 0.4 ml. of diluted antigen to each tube of the front row. 

8. Mix the contents of the tubes by shaking the rack well, and place in the re- 
frigerator at 6° to 8° C. for 3 to 4 hours. 

9. Prepare an antigen control tube as follows: 


0:86, per;centxsaline westerns ee ee ee 0.4 ml. 
Antigen? dilution fasts sons Coe ace eR ee en 0.4 ml. 
Gomplemen tye 1's] Ome cn Pe teenie Ce arene cere, ee 0.4 ml. 


10. Prepare a corpuscle control by placing 1.2 ml. saline solution in a test tube. 

11. Place antigen and cell control tubes in the refrigerator with the test proper. 

12. Prepare four sets of complement control tubes in the following manner: (a) 
arrange test tubes in a rack so that there are four sets of four tubes each, numbered 
from 1 to 4; (d) pipet 0.4 ml. of saline into tubes numbered 1, 0.6 ml. into tubes 
numbered 2 and 0.7 ml. into tubes numbered 3 and 4; (c) add 0.4 ml. of diluted 
antigen to all tubes; (d) add 0.4 ml. of 1:10 complement to tubes numbered 1, 0.2 ml. 
to tubes numbered 2, 0.13 ml. to tubes numbered 3 and 0.1 ml. of tubes numbered 4. 

13. Prepare a sufficient quantity of sensitized cell suspension so that 0.8 ml. may 
be added to each tube of the serum tests and all remaining controls plus 0.4 ml. for 
each tube of the spinal fluid tests, Equal parts of hemolysin (diluted according to the 
verified titer) and of the 3 per cent cell suspension, each contained in small beakers, 
are mixed by pouring back and forth several times. Volumes of dilute hemolysin and 
3 per cent cell suspension that may be used in preparing approximately 100 ml. of 
sensitized cells are illustrated in the following outline: 


: ; 1:100 Stock 0.85 per cent 3 per cent cell 
Final Titer hemolysin solution saline suspension 

ml. ml. mi. 
AIP AO1O Sr Je ee <2 er 4.0 ; 44.0 48.0 
EWA eS ac Meter viet one cr, 4.0 52.0 56.0 
NEL GOORaeet retin ea ee 3.0 | 45.0 48.0 
ED OOO Ee ae aetee eae ae 2.5) 47.5 50.0 
24 00) Rennie Asc ee.a- eek Sere 2.0 46.0 48.0 
15243 OOO. went etapa ae ise oy 2.0 58.0 60.0 
ie 4 OOO eae eee oy ace eA i)65) 58.5 60.0 


14. Remove racks of serum tests, including the remaining set of complement con- 
trol tubes and antigen and cell control tubes, from the refrigerator after the 3- to 
4-hour period and place in the 37° C. water bath for 30 minutes. 

15. Remove racks from water bath and add 0.8 ml. sensitized cell suspension to 
each tube. 


16. Mix contents of the tubes thoroughly by shaking and return racks to the water 
bath for the final incubation of 20 to 30 minutes. 

17. Observe the degree of hemolysis in the four tubes of the complement control 
set. Tubes 1 and 2 should show complete hemolysis, and tube 3 partial hemolysis, after 
20 to 30 minutes at 37° C. water bath incubation. If tubes 1 and 2 require 20 minutes 
to clear, the racks of serum tests are read after 20 minutes of final incubation. If tubes 
1 and 2 require 30 minutes to clear, the racks of serum are read after 30 minutes of 
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final incubation. The antigen control should be completely hemolyzed. The cell control 
should show no hemolysis. 

18. Remove each rack from the water bath at the end of the final incubation 
period. Record observed hemolysis and report as described under “Reading and 
Reporting.” 

Qualitative Spinal Fluid Tests. 1. Centrifuge and decant all spinal fluids to re- 
move cellular and particulate debris. 

2. Heat all spinal fluids received through the mail, or stored for three or more days, 
at 56° C. for 15 minutes to inactivate thermolabile anticomplementary substances. 

3. Fresh spinal fluids are tested without preliminary heating. 

4. Arrange test tubes (13 & 100 mm.) in racks so that there are two tubes for each 
spinal fluid, including positive and negative spinal fluid controls. 

5. Pipet 0.2 ml. of saline into each tube of the first row. Pipet 0.4 ml. of saline 
into each tube of the second row. 

6. Add 1.0 ml. of spinal fluid to the two tubes of the test. 

7. Add 0.2 ml. of 1:10 dilution of complement serum to each tube. 

8. Add 0.2 ml. of diluted antigen to each tube of the first row. 

9. Mix contents of tubes by shaking rack well and place in the refrigerator at 6° 
to 8° C. for 3 to 4 hours. 

10. Complete the tests as described in “Qualitative Serum Tests” except that 0.4 
ml. of sensitized cell suspension is added to each tube of the spinal fluid tests instead 
of the 0.8 ml. prescribed for tests with serum. 

11. Report observed results as outlined under “Reading and Reporting.” 

Quantitative Serum and Spinal Fluid Tests. 1. Place test tubes (13 & 100 mm.) 
in racks, allowing six tubes for each serum or spinal fluid to be tested. Include pairs 
of tubes for positive serum, negative serum, antigen and ceil controls. 

2. Pipet 0.6 ml. of saline into tube 1, and 0.4 ml. into tubes 2, 3, 4, 5 and 6 for 
each serum. 

3. Pipet 1 ml. of saline into tubes 2, 3, 4 and 5, and 0.2 ml. into tube 6 for each 
spinal fluid. 

4. For each serum add 0.6 ml. to tube 1; mix and transfer 0.4 ml. to tube 6 (serum 
control) and to tube 2; mix tube 2 and transfer 0.4 ml. to tube 3 and so on to tube 5 
from which discard 0.4 ml. 

5. For each spinal fluid add 1.0 ml. of spinal fluid to tubes 1, 2 and 6; mix tube 2 
and transfer 1.0 ml. to tube 3 and so on to tube 5 from which discard 1.0 ml. 

6. Add 0.4 ml. of 1:10 dilution of complement serum to each of the six tubes of 
the serum tests (containing diluted serum). 

7. Add 0.2 ml. of 1:10 dilution of complement serum to each of the six tubes of 
the spinal fluid tests (containing diluted spinal fluid). 

8. Add 0.4 ml. of diluted antigen to each of the first five tubes of the serum tests. 

9, Add 0.2 ml. of diluted antigen to each of the first five tubes of the spinal fluid 
tests. 

10. Mix contents of tubes by shaking the rack well and place in the refrigerator 
at 6° to 8° C. for 3 to 4 hours, and then at 37° C. for 30 minutes. 

11. Add 0.4 ml. of sensitized cell suspension to each tube of the spinal fluid tests 
and 0.8 ml. of sensitized cell suspension to each tube of the serum tests and complete 
the tests as described under “Qualitative Serum Tests.” 
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12. Results are reported in terms of the highest dilution of serum or spinal fluid 
that produces a positive reaction. 

Reading and Reporting. Observe the results of qualitative tests with serum or 
spinal fluid and report in accordance with the following outline: 


Test tube reading 
(containing antigen) 


Control tube reading 
(without antigen) 


Report 


Complete or almost complete 
hemolysis 

Partial hemolysis 

No hemolysis, or barely per- 
ceptible hemolysis 

No hemolysis, or partial he- 
molysis 


Complete hemolysis 


Complete hemolysis 
Complete hemolysis 


No hemolysis, or partial he- 
molysis 


Negative. 


Doubtful. 
Positive. 


Anticomplementary. 


KOLMER COMPLEMENT FIXATION TESTS FOR SYPHILIS * 


Preparation of Improved Antigen. This is a cholesterolized and lecithinized 
alcoholic extract of beef heart (Am. J. Clin. Path., 1948, 18:731) prepared as follows: 
1. Weigh out 30 gm. of beef heart powder (Difco Laboratories, Inc., Detroit, 


Mich. ). 


2. Transfer powder to a flask fitted with a glass stopper or tinfoil-covered cork. 
3. Add 100 ml. of chemically pure acetone. 
4. Stopper flask tightly and mix contents thoroughly by shaking. 

5. Keep at room temperature for 2 days, shaking briefly each day. 

6. Filter through fat-free paper with slight squeezing of the tissue. Discard the 


filtrate. 


7. Transfer the residue to a glass-stoppered flask, add 100 ml. of chemically pure 
acetone, stopper tightly, mix thoroughly, and keep at room temperature for 2 days, 


shaking briefly each day. 


8. Filter through fat-free paper with slight squeezing of the tissue. Discard the 


filtrate. 


9. Dry the residue in the air until free of acetone and return to a clear glass- 


stoppered flask. 


10. Add 200 ml. of ether, stopper tightly, mix thoroughly, and keep at room tem- 
perature for 3 days, shaking briefly each day. 
11. Filter through fat-free paper with slight squeezing of the tissue and discard 


the filtrate. 


12. Dry the residue in the air until free of ether and return to a clean flask. 
13. Add 100 ml. of chemically pure absolute ethyl alcohol. 

14. Stopper flask tightly and mix contents thoroughly by shaking. 

15. Store at room temperature for 5 days, shaking each day. 

16. Filter through fat-free paper with slight squeezing of the tissue. 


* For a detailed account of Studies in the Standardization of the Wassermann Reaction upon 


which these methods are based, including complement fixation tests for bacterial diseases and the 
identification of blood stains, consult Kolmer’s Serwm Diagnosis by Complement Fixation, Philadel - 
phia, Lea and Febiger, 1928. Antigens and hemoiysin may be obtained from the Lastitute of Public 
Health and Preventive Medicine, 2101 Pine Street, Philadelphia 3, Pa. 
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17. Measure the filtrate and filter sufficient absolute ethyl alcohol through the 
tissue to bring volume of filtrate to 100 ml. 

18. Weigh 0.4 gm. of cholesterol and dissolve in 10 ml. of ether. 

19. Add ether solution to the 100 ml. of alcoholic filtrate. 

20. Shake thoroughly and place in a water bath at 55° C. for 1 hour to aid solution. 

21. Allow to stand at room temperature for 2 days, shaking briefly each day. 

22. Filter through fat-free paper. 

23. Store the antigen at room temperature in the dark in a tightly stoppered bottle. 
Do not disturb any sediment which may be present. 

This antigen may be re-enforced by the addition of acetone-insoluble lipids, with 
or without a slight increase in sensitivity, as follows: 

1. Steps 1 through 17 as just described, saving the ether extract in steps 10 and 11. 

2. Place the ether filtrate in an evaporating dish and concentrate to about one-fifth 
volume. 

3. Add 3 to 6 volumes of acetone, mix and set aside over night. 

4. Remove the supernatant acetone and collect the residue of acetone-insoluble 
lipids. 

5. Dissolve 0.4 gm. of cholesterol and the acetone-insoluble lipids in 10 ml. of 
ether. 

6. Add to the 100 ml. of alcoholic filtrate, stopper tightly, shake thoroughly and 
place in a water bath at 55° C. for 1 hour to aid solution. 

7. Allow to stand at room temperature for 2 days, shaking briefly each day. 

8. Filter through fat-free paper and store at room temperature in the dark. Do not 
disturb any sediment which may be present. 

A cardiolipin-lecithin-cholesterol antigen may be employed in dose of 0.5 ml. of 
1:150 dilution prepared of 0.03 per cent cardiolipin, 0.05 per cent lecithin, and 0.3 
per cent cholesterol (J. Ven. Dis. Inform., 1948, 29:166). 

Hemolytic System and Its Adjustment. SHEEP CORPUSCLE SUSPENSION. 1. Filter 
through gauze an adequate quantity of preserved sheep blood into round-bottomed 
centrifuge tubes. Freshly collected sheep blood should be refrigerated for 48 hours 
before being used. 

2. Add two or three volumes of saline to each tube. 

3. Centrifuge tubes at a force sufficient to throw down corpuscles in 5 minutes. 
(1.E.C. centrifuge No. 1 at 2,000 r.p.m.) 

4, Remove supernatant fluid by suction through a capillary pipet, taking off upper 
white cell layer. 

5. Fill tube with saline solution and resuspend cells by inverting and gently shaking 
tube. 

6. Recentrifuge tubes and repeat the process for a total of three washings. If super- 
natant fluid is not colorless on third washing, cells are too fragile and should not be 
used. 

7. After supernatant fluid is removed from third washing, cells are poured or 
washed into 15-ml. centrifuge tubes and centrifuged at previously used speed for 10 
minutes in order to pack cells firmly and evenly. 

8. Read the volume of packed cells in the centrifuge tube and carefully remove 


supernatant fluid. 
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9, Prepare a 2 per cent suspension of sheep cells by washing the corpuscles into a 
flask with 49 volumes of saline. Shake flask to insure even suspension of cells. Example: 


2.1 ml. (packed cells) X 49 = 102.9 ml. (saline required). 


10. Keep in a refrigerator when not being used. Always shake before using to 
secure an even suspension, as the corpuscles settle to the bottom of the flask when not 
in Use. 

11. The dose is 0.5 mi. of the 2 per cent suspension. 

TITRATION OF HEMOLYSIN. It is advisable (but not absolutely necessary) to make 
this titration each time the tests are conducted. 

1. Prepare a stock dilution of 1:100 hemolysin by mixing 2.0 ml. of glycerinized 
hemolysin (50 per cent) with 94.0 ml. saline solution and 4.0 ml. of 5 per cent phenol 
in saline solution. This will keep in a refrigerator for several months. 

2. Prepare a 1:1000 dilution by mixing 0.5 ml. of 1:100 with 4.5 ml. saline solu- 
tion. In a series of 10 test tubes prepare higher dilutions (with thorough mixing) as 
follows: 


No. 1. 0.5 ml. hemolysin (1:1000) = 1:1000 

No. 2. 0.5 ml. hemolysin (1:1000) + 0.5 ml. saline solution = 1:2000 
No. 3. 0.5 ml. hemolysin (1:1000) + 1.0 ml. saline solution = 1:3000 
No. 4. 0.5 ml. hemolysin (1:1000) + 1.5 ml. saline solution = 1:4000 
No. 5. 0.5 ml. hemolysin (1:1000) + 2.0 ml. saline solution = 1:5000 
No. 6. 0.5 ml. hemolysin (1:3000) + 0.5 ml. saline solution = 1:6000 
No. 7. 0.5 ml. hemolysin (1:4000) + 0.5 ml. saline solution = 1:8000 
No. 8. 0.5 ml. hemolysin (1:5000) + 0.5 ml. saline solution = 1:10,000 
No. 9. 0.5 ml. hemolysin (1:6000) + 0.5 ml. saline solution = 1:12,000 
No. 10. 0.5 ml. hemolysin (1:8000) + 0.5 ml. saline solution = 1:16,000 


3. Prepare 1:30 dilution of complement for hemolysin and complement titrations 
by diluting 0.2 ml. of complement serum with 5.8 ml. of saline solution. Prepare a 2 
per cent suspension of sheep corpuscles. 


TABLE 49. HEMOLYSIN TITRATION. 


Hemolysin, Complement, Saline Solution, Corpuscles 
Tube 0:5 mil ml. ] ; 
5 ml. mi. ml 
(1:30) 
1 1:1000 0.3 
2 1:2000 0.3 
3 1:3000 0.3 
4 1:4000 0.3 
5 1:5000 0.3 
6 1:6000 0.3 
7 1:8000 0.3 
8 1:10,000 0.3 
9 1:12,000 0.3 
10, 1:16,000 0.3 


4. Ina series of 10 tubes set up the hemolysin titration as shown in Table 49. 

5. Mix the contents of each tube and incubate in the water bath at 37° C. for 1 
hour. Read the unit of hemolysin. The unit is the highest dilution of hemolysin that 
gives complete sparkling hemolysis. 
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6. Two units are used in the complement and antigen titrations and in the com- 
plement fixation tests. Hemolysin is so diluted that 0.5 ml. contains 2 units. For ex- 
ample, if the unit equals 0.5 ml. of 1:6000, 2 units equal 0.5 ml. of 1:3000. Dilute just 
enough hemolysin for the complement titration and the complement fixation tests. K cep 
the hemolysin in the refrigerator when not in use. 

7. The following table shows how the dilutions are made so that 0.5 ml. carries 
2 units: 


: 2 Units ee 
1 Unit Wield Be Prepared by Diluting 1 ml. 
0.5 ml Outi of Stock 1:100 with Following 
of Be : Amounts of Saline 

1:1000 1:500 4 ml. 

1:2000 1:1000 9 ml. 

1:3000 1:1500 14 ml. 

1:4000 1:2000 19 ml. 

1:5000 1:2500 24 ml. 

1:6000 1:3000 29 ml. 

1:8000 1:4000 39 ml. 

1:10,000 1:5000 49 ml. 


8. High titer hemolysin is recommended and the unit should be 0.5 ml. of 1:4000 
or higher. 

PRETESTING OF COMPLEMENT. When improved Kolmer antigen (page 814) is used 
it is not necessary to pretest the complement. Otherwise the technic for testing each 
serum is as follows: 

1. Prepare a 1:30 dilution by mixing 0.2 ml. with 5.8 ml. saline solution. 

2. In a series of 6 test tubes place 0.8, 0.6, 0.4, 0.8, 0.6 and 0.4 ml. respectively. 

3. To each of the first 3 tubes add 0.5 ml. of the same antigen to be used in the 
complement titration and the complement fixation tests so diluted as to carry the 
optimum dose. 

4, Add saline solution to a total volume of 2.0 ml. in each tube. 

5. Mix and place in a refrigerator at 6° to 8° C. for 15 to 18 hours, or overnight, 
followed by 10 minutes in a water bath at 37° C. 

6. Add 0.5 ml. of hemolysin carrying 2 units and 0.5 ml. of 2 per cent suspension 
of sheep cells to each tube. 

7. Mix and place in a water bath at 37° C. for 1 hour and examine. 

8. Sera showing complete and sparkling hemolysis in all 6 tubes are entirely satis- 
factory. Sera showing an equal degree of inhibition of hemolysis in the first 3 tubes 
carrying antigen as the last 3 tubes carrying no antigen may be used but will usually 
be found to have a low unit of hemolytic activity in the complement titration described 
below. Any serum showing a greater degree of inhibition of hemolysis in the first 3 
tubes carrying antigen than in the last 3 tubes carrying no antigen should be regarded 
as unsatisfactory for the complement titration and complement fixation tests insofar as 
the particular antigen employed is concerned. Such sera may be satisfactory with an- 


other Kolmer antigen. 
TITRATION OF COMPLEMENT. 1. Prepare a 1:30 dilution of complement in saline 


solution. 
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2. Dilute antigen so that the dose employed in the main tests is contained in 0.5 
ml. This dilution is prepared by placing the required amount of saline solution in a 
flask and adding the required amount of antigen drop by drop. Shake the flask after 
each addition of antigen. Prepare enough diluted antigen for the complement titration 
and the complement fixation tests. 

3. In a series of 8 test tubes set up the titration as shown in Table 50. 


TABLE 50. COMPLEMENT TITRATION. 


Complement, | Antigen, Saline = | Hemolysin,| Corpuscles,| § 

Tube ml. Dose: Solution, | ml. ml. a 
Ges) ml. mil. : (2 units) | (2 percent)| <© 

= uw 

1 0.2 0.5 13 s a 
2 0.25 0.5 ie is S 
3 0.3 0.5 ie o att 
4 0.35 0.5 Lee, 5 Me 
5 0.4 0.5 tal S c= 
6 0.45 0.5 11 2 S 
7 0.5 0.5 1.0 = 
8 None None 2e5 = = 


4. The smallest amount of complement just giving complete sparkling hemolysis 
is the exact unit. The next higher tube is the full unit which contains 0.05 ml. more 
complement. In conducting the antigen titration and complement fixation tests, two 
full units are employed and so diluted as to be contained in 1 ml. as per the following 
example: 

Exact unit: 0.3 ml. 


Full unit: 0.35 ml. 
Dose (two full units): 0.7 ml. 


To calculate the dilution to employ so that 1 ml. contains the dose of 2 full units, 
divide 30 by the dose: 


wW 
Ss 


0.7 


The following table gives additional examples: 


= 43 or 1 ml. of 1:43 dilution of serum. 


Exact Unit Full Unit Two Full Units Dilution . 

(ml.) (ml.) (ml.) to Use Preparation 

0.2 0.25 0.5 1:60 1 mi. serum + 59 ml. saline 
0.25 0.3 0.6 1250 1 ml. serum + 49 ml. saline 
0.3 0.35 0.7 1:43 1 ml. serum + 42 ml. saline 
0.35 0.4 0.8 137 1 ml. serum + 36 ml. saline 
0.4 0.45 0.9 1:33 1 ml. serum + 32 ml. saline 
0.45 0.5 1.0 1:30 1 ml. serum + 29 ml. saline 
0.5 ileal Lowy) | 1 ml. serum + 26 ml. 
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5. If however the complement is unusually sensitive to the anticomplementary 
effects of antigen and serum in the conduct of the complement fixation tests, as is 
sometimes the case during the hot summer months, 214 exact units may be employed 
and so diluted that 1 ml. contains this dose. Example: 


Exact unit: 0.35 ml. 
2% units: 0.88 ml. 


To calculate the dilution to use so that 1 ml. contains the dose, divide 30 by 
the dose: 


= 34 or 1 ml. of 1:34 dilution of serum. 


The following table gives additional examples: 


Unit 2% Units Dilution : 

(ml.) (ml.) to Use Preparation 

0.2 0.5 :60 . serum + 59 ml. saline 
0.25 0.63 . serum + 46 ml. saline 
0.3 0.75 . serum + 39 ml. saline 
0.35 0.88 . serum + 33 ml. saline 
0.4 1.0 . serum + 29 ml. saline 
0.45 hak . serum + 26 ml. saline 
0.5 1.25 . serum + 23 ml. saline 


6. It is always advisable to dilute complement serum with cold saline solution 
instead of with saline kept at room temperature. Undiluted and especially diluted com- 
plement serum should always be kept in a refrigerator when not in use. Exposure of 
diluted complement to room temperature for over an hour may result in some de- 
terioration. 

7. Occasionally hyperactive complement yields a unit of 0.2 to 0.25 ml. of 1:30 
but when this occurs it is necessary to arbitrarily take 0.3 ml. as the exact unit as less 
complement falls below the absolute minimum and is likely to be unsatisfactory. 

Titration of Antigen. With improved antigen it is not necessary to titrate for 
hemolytic and anticomplementary units. It is necessary, however, to titrate for anti- 
genic activity as follows: 

1. Prepare a 1:75 dilution of antigen by adding 0.1 ml., drop by drop with shaking 
between each, to 7.4 ml. of saline solution in a large test tube or small flask. Higher 
dilutions are then prepared as follows: 

4 ml. of 1:75 + 4 ml. saline solution = 1:150 
4 ml. of 1:150 + 4 ml. saline solution = 1:300 
4 ml. of 1:300 + 4 ml. saline solution = 1:600 


4 ml. of 1:600 + 4 ml. saline solution = 1:1200 
4 ml. of 1:1200 + 4 ml. saline solution = 1:2400 


2. Arrange 5 rows of test tubes with 6 in each row. In the first tube of each row 
place 0.5 ml. of antigen 1:75; to the second tube of each row 0.5 ml. of antigen 1:150; 
to the third tube, 0.5 ml. of 1:300; to the fourth, 0.5 ml. of 1:600; to the fifth, 0.5 ml. 
of 1:1200 and to the sixth, 0.5 ml. of 1:2400. 
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3. Heat 3 ml. of a mixture of positive syphilitic sera in a water bath at 55° C. for 
15 to 20 minutes and prepare 5 dilutions as follows in large test tubes. 


1.0 ml. serum + 4.0 ml. saline = 1:5 (0.5 ml. carries 0.1 ml. serum) 

0.5 ml. serum + 4.5 ml. saline = 1:10 (0.5 mil. carries 0.05 ml. serum) 

0.5 ml. serum + 9.5 ml. saline = 1:20 (0.5 ml. carries 0.025 ml. serum) 

2.0 ml. serum 1:20 + 2.0 ml. saline = 1:40 (0.5 ml. carries 0.0125 ml. serum) 
1.0 ml. serum 1:20 + 4.0 ml. saline = 1:100 (0.5 ml. carries 0.005 ml. serum) 


4, Add 0.5 ml. of 1:5 dilution to each of the 6 tubes of the first row; 0.5 ml. of 
1:10 to each tube of the second row; 0.5 ml. of 1:20 to each tube of the third row; 
0.5 ml. of 1:40 to each tube of the fourth row and 0.5 ml. of 1:100 to each tube of 
the fifth row. 

5. Add 1 ml. of complement dilution carrying 2 full units to all tubes. 

6. Put up a serum control carrying 0.5 ml. of 1:5 serum and 1 ml. of complement 
(2 full units); also a hemolytic system control carrying 1 ml. of saline solution and 
1 ml. of complement (2 full units). 

7. Shake the tubes gently and place in refrigerator at 6° to 8° C. for 15 to 18 
hours, followed by water bath at 37° C. for 10 minutes. 

8. Add 0.5 ml. of hemolysin (2 units) and 0.5 ml. of 2 per cent suspension of 
corpuscles to all tubes. 

9. Mix thoroughly and place in a water bath at 37° C. for one hour; make readings. 
The serum and hemolytic system controls should show complete hemolysis. 

10. Chart the results as per the following example observed with a strongly posi- 
tive serum: 


3 Antigen in 0.5 ml. amounts 

Serum in 

0.5 ml. 1:75 1:150 1:300 1:600 1:1200 | 1:2400 
C00s= baw = = awa ms os a 
OLOUZ SS ee — ae APA arse SPAR APSE Ses ar 
O02 5a eas oF aPSIE SP Se APSR SESE SP ar aR AP aPaP Arar sr 
OOS he spar ar SP S54PS FPA SPP APP SP ae SR SP SP ar apap 
ONE ote hoe SPARSE Se SESE SR Se AP PSE SE SPS SRP Since sina +++ 


11. The optimum dilution or dose of antigen to employ is the dilution that gives 
the most sensitive reaction with the smallest amount of serum. In the previous table 
this would be 0.5 ml. of 1:300 dilution. If 2 dilutions of antigen give positive reactions 
with the smallest amount of serum, the dose may be the average of the two. If 3 dilu- 
tions of antigen give positive reactions with the smallest amount of serum, the optimum 
dilution or dose is midway between the highest and lowest. Before a new antigen is 
used, however, it is always advisable to check the antigenic sensitivity of the optimum 
dilution or dose against an antigen of proven sensitivity in a series of comparative 
tests employing weakly to moderately positive syphilitic sera. 

Choice of Methods. The regular quantitative method employs 5 doses of serum 
or spinal fluid and is preferred when conditions permit, especially in testing the sera 
and spinal fluids of cases of syphilis under treatment. The regular simplified method 
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employs one dose of serum (0.2 ml.) or spinal fluid (0.5 ml.) and is satisfactory for 
routine diagnostic purposes as well as being more economical of time and reagents 
when large numbers of tests are being conducted. Otherwise the simplified test may be 
conducted with 2 doses of serum (0.2 and 0.1 ml.) as a safeguard against prezone 
reactions, in which the second tube carrying 0.1 ml. may give a stronger reaction than 
the first tube carrying 0.2 ml. of serum. 

In the interests of economy both tests may be conducted by using the reagents in 
one-half or one-fifth amounts. This economy applies not only to the amounts of serum 
and spinal fluid but to the amounts of complement, antigen, hemolysin and sheep 
corpuscles employed. Thus the amount of complement required for 14 methods is 
about 3 times less than for the regular tests with the result that about 2 ml. is sufficient 
for the conduct of 100 simplified tests. 

Use of Egg Albumin. Egg albumin is not required in serum tests when improved 
Kolmer antigen is used. However, it is sometimes required in spinal fluid tests when 
prezone and nonspecific reactions are being observed. 

The egg albumin solution may be prepared as follows: (a) break a fresh egg, and 
separate the white from the yolk, (0) pick out heavy particles or filter through several 
layers of gauze, (c) measure, beat briefly and add an equal volume of sterile saline 
solution, (d) keep in a refrigerator (may be used over a week or two without the 
addition of a preservative). 

Regular Quantitative Tests. 1. For EAcH SERuM. (a) Remove the natural anti- 
sheep hemolysin as described on page 802 and heat in a water bath at 55° to 56°C. 
for 15 minutes. 

(6) Arrange 6 test tubes (85 > 13 mm. inside diameter) and place the following 
amounts of saline solution respectively: 0.9, 0.5, 0.5, 0.5, 2.0 and 0.5 ml. Add 0.6 ml. 
serum to No. 1, mix by drawing up in the tube several times and transfer 0.5 ml. to 
No. 2 and No. 6. Mix No. 2 and transfer 0.5 ml. to No. 3 and so on to No. 5 from 
which discard 2.0 ml. after mixing. This leaves 0.5 ml. in each of the first 5 tubes 
carrying 0.2, 0.1, 0.05, 0.025 and 0.005 ml. serum respectively. Tube No. 6 (serum 
control) carries 1.0 ml. (0.2 ml. serum) since it receives no antigen and thereby making 
the total volume in all tubes the same when the test is completed. 

(c) Complete the test including antigen, hemolytic system and corpuscle controls 
as shown in Table 51. It is advisable to include tests with known positive and negative 
sera as controls. 

2. For Eacu Spina Friuip. (a) Arrange 6 test tubes and place 0.5 ml. of saline 
solution in Nos. 2, 3, 4, 5 and 6. 

(b) Add 0.5 ml. of spinal fluid to tubes 1, 2 and 6. Mix No. 2 and transfer 0.5 ml. 
to No. 3 and so on to No. 5 from which discard 0.5 ml. after mixing. Tubes 1 to 5 now 
contain 0.5 ml. carrying 0.5, 0.25, 0.125, 0.0625 and 0.03125 ml. of spinal fluid. Tube 
No. 6 (control) contains 1 ml. carrying 0.5 ml. of spinal fluid. 

(c) Add 0.2 ml. of 50 per cent solution of egg albumin in saline solution to each 
of the 6 tubes and the antigen control if or when necessary for the prevention of 
prezone and nonspecific reactions. 

(d) Complete the test with antigen, hemolytic system and corpuscle controls as 
shown in Table 52. It is advisable to include tests with known positive and negative 


spinal fluids as controls. 
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3. During the secondary incubation watch the serum or spinal fluid, antigen, and 
hemolytic system controls and 10 minutes after these show complete hemolysis remove 
the tests and make the readings. This is very important for avoiding falsely negative 
reactions with sera and spinal fluids containing small amounts of antibody. In the case 
of those serum or spinal fluid controls in which hemolysis is incomplete, continue the 
incubation for one-half hour which frequently permits the reading of tests with sera 
and spinal fluids that are slightly anticomplementary. 

Regular Simplified Tests. 1. For Eacw Serum. (a) The removal of natural 
antisheep hemolysin may be omitted. Heat the sera in a water bath at 55° to 56° C. 
for 15 minutes although heating for 30 minutes is permissible if flocculation tests are 
to be conducted. 

(b) Arrange 2 test tubes and place 0.5 ml. of saline solution in No. 2. Add 0.2 ml. 
of serum to each tube. 

(c) Complete the test including antigen, hemolytic system and corpuscle controls 
as shown in Table 53. It is advisable to include tests with known positive and negative 
sera as controls. 

(d) If it is desired to conduct the test with 0.2 and 0.1 ml. amounts of serum 
arrange 3 test tubes and place 0.9, 0.5 and 0.5 ml. saline solution in each respectively. 
Add 0.6 ml. of serum to No. 1, mix and transfer 0.5 ml. to tubes 2 and 3 (control) ; 
mix No. 2 and discard 0.5 ml. Each tube now carries 0.5 ml. containing 0.2, 0.1 and 
0.2 ml. serum respectively. Antigen (0.5 ml.) is added to Nos. 1 and 2 and the test 
completed as shown in Table 33. 

2. For Eacu SPINAL Fiuip. (a) Arrange 2 test tubes and place 0.5 ml. saline 
solution in No. 2. Add 0.5 ml. spinal fluid to each tube. Add 0.2 ml. of 50 per cent 
solution of egg albumin in saline solution to each tube and the antigen control, if or 
when required for the prevention of prezone and nonspecific reactions. 

(6) Complete the test including antigen, hemolytic system and corpuscle controls 
as shown in Table 54. It is advisable to include tests with known positive and negative 
spinal fluids as controls. 

3. During the secondary incubation watch the serum or spinal fluid, antigen, and 
hemolytic system controls and 10 minutes after these show complete hemolysis remove 
the tests and make the readings. This is very important for avoiding falsely negative 
reactions with sera and spinal fluids containing small amounts of antibody. In the case 
of those serum and spinal fluid controls in which hemolysis is incomplete, continue 
the incubation for one-half hour which frequently permits the reading of tests with 
sera and spinal fluids that are slightly anticomplementary. 

One-Half Methods. The hemolysin and complement are titrated and diluted in 
the same manner as in the regular methods. The dose of the former carrying 2 units 
is 0.25 instead of 0.5 ml. and the dose of the latter carrying 2 full units is 0.5 instead 
of 1.0 ml. The dose of 2 per cent corpuscle suspension is 0.25 instead of 0.5 ml. 

1. For EAcH QUANTITATIVE SERUM TeEsvT. (a) Arrange 6 test tubes and place the 
following amounts of saline solution respectively: 0.45, 0.25, 0.25, 0.25, 1.0 and 0.25 ml. 
(6) Add 0.3 ml. serum to No. 1, mix and transfer 0.25 ml. to No. 2 and No. 6. Mix 
No. 2 and transfer 0.25 ml. to No. 3 and so on to No. 5 from which discard 1.0 ml. 
after mixing. (c) Complete the test including antigen, hemolytic system and corpuscle 
controls as shown in Table 55. It is advisable to include tests with known positive and 
negative sera as controls. 
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2. For Each QUANTITATIVE SPINAL Fiurp Test. (a) Arrange 6 test tubes and 
place 0.25 ml. saline solution in Nos. 2, 3, 4, 5 and 6. (6) Add 0.25 ml. of spinal fluid 
to tubes 1, 2 and 6. (c) Mix No. 2 and transfer 0.25 ml. to No. 3 and so on to No. 5 
from which discard 0.25 ml. after mixing. (d) Add 0.1 ml. of 50 per cent solution of 
egg albumin to all tubes including the antigen control if or when prezone and non- 
specific reactions are being observed. (e) Complete the test with antigen, hemolytic 
system and corpuscle controls as shown in Table 56. It is advisable to include tests 
with known positive and negative spinal fluids as controls. 

3. The secondary incubation is conducted and the reactions read as described 
previously for the regular methods. 

One-Fifth Methods. These are conducted in exactly the same manner as the 
regular quantitative and simplified serum and spinal fluid tests except that smaller 
test tubes (75 by 10 mm. inside diameter) and one-fifth amounts of the various 
reagents are employed. 

1. The hemolysin is titrated in the same manner using 0.1 ml. of the varying 
dilutions (1:1000 to 1:16000), 0.1 ml. of 1:50 complement and 0.1 ml. of 2 per cent 
suspension of sheep corpuscles; add 0.4 ml. saline solution to each tube. Two units 
are used in the complement titration and main tests. For example, if the unit is 0.1 ml. 
of 1:6000, 2 units equal 0.1 ml. of 1:3000. 

2. The complement titration is conducted (a) by placing 0.1, 0.15, 0.2, 0.25 and 
0.3 ml. of 1:50 dilution in each of 5 test tubes respectively. (b) To each tube add 
0.1 ml. of antigen of the same dilution as employed in the regular tests. (c) Add 0.3, 
0.3, 0.2, 0.2 and 0.1 ml. of saline solution to the tubes respectively. (d) Mix and 
place in water bath at 37° C. for 1 hour. (e) Add 0.1 ml. hemolysin (2 units) and 
0.1 ml. of 2 per cent corpuscle suspension to all tubes. (f) Mix, place in water bath 
at 37° C. for 1 hour and read. The exact unit is the smaliest amount giving complete 
sparkling hemolysis. For conducting the tests two exact units are employed instead 
of 2 full units. This dose of 2 exact units should be contained in 0.2 ml. of the proper 
dilution prepared as follows: 


EXACT UNIT TWO EXACT UNITS DOSE OF TWO EXACT UNITS 
0.10 ml. 0.2 ml. 0.2 ml. of 1:50 dilution 
0.15 ml. Os soll 0.2 ml. of 1:33 dilution 
0.20 ml. 0.4 mi. 0.2 ml. of 1:25 dilution 
0.25 ml. 0.5 ml. 0.2 ml. of 1:20 dilution 
0.30 ml. 0.6 ml. 0.2 ml. of 1:17 dilution 


If difficulties are experienced with the complement fixation tests during the hot 
months of the year, read the exact unit as one tube higher in the titration and use 


double this amount of complement. Example: 


XAG TULLE Peed Ae Reels nee tare 0.15 ml. 
INextnichers (UDC pia aren Ae erent tae 0.20 ml. 
DOSem CO: ei) peeernnnte Acs, Acie tee 0.20 ml. of 1:25 dilution 


3. For EAcH QUANTITATIVE SERUM TEST. (@) Arrange 6 test tubes and place 
0.8, 0.2, 0.2, 0.2, 0.8 and 0.1 ml. saline solution respectively. (0) To tube No. 1 
add 0.2 ml. inactivated serum; mix and transfer 0.2 ml. to tubes 2 and 6; discard 
0.4 ml. (c) Mix No. 2 and transfer 0.2 ml. to No. 3 and so on to No. 5 from which 
discard 0.8 ml. after mixing. This leaves 0.2 ml. in each tube carrying 0.04, 0.02, 0.01, 
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0.005, 0.001 and 0.04 ml. (control) respectively. (d) Complete the tests including 
antigen, hemolytic system and corpuscle controls, as shown in Table 57; it is advisable 
to include tests with positive and negative sera. 

4. For Eaco QUANTITATIVE SPINAL FLurp Test. (a) Arrange 6 test tubes and 
place 0.3, 0.2, 0.2, 0.2 and 0.2 ml. saline in the first 5 respectively. (b) To tube No. 1 
add 0.3 ml. spinal fluid, mix and transfer 0.2 ml. to No. 2 and No. 6. (c) Mix No. 2 
and transfer 0.2 ml. to No. 3 and so on to No. 5 from which discard 0.2 ml. after 
mixing. This leaves 0.2 ml. in each tube carrying 0.1, 0.05, 0.025, 0.0125, 0.00625 and 
0.1 ml. (control) of spinal fluid respectively. (d@) Complete the test including antigen, 
hemolytic system and corpuscle controls as shown in Table 57; it is advisable to 
include tests with known positive and negative spinal fluids as controls. 

5. For Eacu SImMpLiriep SERUM Test. (a) Arrange 2 test tubes and place 0.8 ml. 
of saline solution in No. 1 and 0.1 ml. in No. 2. (6) Add 0.2 ml. of inactivated serum 
to No. 1; mix, transfer 0.2 ml. to No. 2 and discard 0.6 ml. This leaves 0.04 ml. serum 
in each of the 2 tubes (No. 2 being the serum control). (c) Complete the tests includ- 
ing antigen, hemolytic system and corpuscle controls, as shown in Table 58; it is 
advisable to include tests with known positive and negative sera as controls. 

6. For Eacu SIMPLIFIED SPINAL FLuip Test. (a) Arrange 2 test tubes and place 
0.1 ml. saline solution in No, 1 and 0.2 ml. in No. 2. (6) Add 0.1 ml. spinal fluid to 
each. (c) Complete the test including antigen, hemolytic system and corpuscle con- 
trols as shown in Table 58; it is advisable to include tests with known positive and 
negative spinal fluids as controls. 

7. The secondary incubation is conducted and the reactions read as described 
before for the regular methods. 

Reading Scales. Until considerable experience has been gained in the reading 
of reactions, it is advisable to prepare scales showing the appearance of +++, 
+-+-+,-+-+,-+, + and — complement fixation reactions according to the method 
employed (Plate XXIII). A + reaction indicates about 10 per cent inhibition of 
hemolysis while a + reaction is less than 10 per cent. By carrying over in the refrigera- 
tor a 2 per cent suspension of washed sheep corpuscles and 4 tubes showing complete 
hemolysis in the hemolysin titrations, designated as hemoglobin solutions, they may 
be prepared with sufficient accuracy during the secondary incubation of the tests as 
shown in Table 59. 

Reactions and Interpretations. All serum, spinal fluid, antigen and hemolytic 
system controls should show complete hemolysis. The corpuscle controls should show 
no hemolysis. The reactions should be recorded for each tube of complement fixation 
tests as: -- + + + (4), +++ (3),+ + (2), + @),= o — 

1. The reactions in quantitative or six-tube tests with serum or spinal fluid 
may be interpreted as follows: (a) Very strongly positive when complete fixation 


Georice a) occurs in any of the first 3,4 or 5 tubes, likeg 4 == 944 4 ee 
4442—,4443 — or4444 4; (b) strongly positive when complete fixation 
(+ + -++ +) occurs in the second tube like 443 1 —,442—— 3 42—— or 
44 —— —; (c) moderately positive when complete fixation (+ + + +) occurs 
in the first tube only like 4 3 1 — — , 4 2 - or 4 — —; (2) weakly 
positive when partial fixation occurs in one or more tubes like 3 2 1 — -— lL — — 
or 1 — — — —; (e) doubtful when the reaction is + in the first tube like + — — 


— — and (f) negative when there is complete hemolysis in all tubes ( eee 


PLATE XxXiIll 


Reading scale for recording Kolmer complement fixation reactions. 
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834 COMPLEMENT FIXATION TESTS 
TABLE 59. PREPARATION OF READING SCALES. 
Corpuscle Hemoglobin 


Suspensions * Solutions + 
ml. 


Equivalent in 
Complement Fixation 


3.0 (E=--= or)4) 
is : on (rt eons) 
Regular 0.75 : (Grae oe 2) 
0.3 % (+ or 1) 
¢ (+) 

>) 


Ge (erapacar (oe 45) 
oy (rare Ge 3) 


One-Half : 4 (srar or 2) 
tt Oral) 
% () 
) 


(Grarsese oe ay 
; (Grara= Oe 3) 
One-Fifth : (Gear @e 2) 
10% (+ or 1) 
5% (+) 
OG 


* 1:6 dilution of 2 per cent suspension for regular method; 1:6 dilution of 2 per cent suspension 
for one-half method; 1:7 dilution of 2 per cent suspension for one-fifth method. 

yj Employing tubes showing complete hemolysis in the hemolysin titrations of the regular, one- 
half and one-fifth methods respectively. 


Otherwise the results may be reported in terms of Kolmer units in which the 
potency of any serum or spinal fluid is determined according to the formula S = 4D 
as used in the Kahn quantitative serum test, where S is the serum or spinal fluid 
potency in terms of units and D is the highest dilution giving a positive (+ + + +, 

} + +, + + or +) reaction. 

If a serum givesa+ + + +,+ + +,+ + or + reaction in the first tube only 
and is negative in the remaining 4 tubes, it is considered as containing Kolmer units 
as indicated by the plus signs (4 units, 3 units, 2 units or 1 unit, respectively). If a 
reaction of any degree occurs in the second tube (D = 2) and negative in the remain- 
ing 3 tubes, it is considered as containing 8 Kolmer units; if a reaction of any degree 
occurs in the third tube (D = 4) and is negative in the remaining 2 tubes, it is con- 
sidered as containing 16 Kolmer units; if a reaction of any degree occurs in the fourth 
tube (D = 8) and is negative in the fifth, it is considered as containing 32 Kolmer 
units; if a reaction of any degree occurs in the fifth tube (D — 40) it is considered as 
containing 160 or more Kolmer units. In this case still higher dilutions of serum may 
be tested if desired. 

If a spinal fluid givesa + + +-+4,+4 + +,-+ 4, or + reaction in the first 
tube only and is negative in the remaining 4 tubes, it is considered as containing 
Kolmer units as indicated by the plus signs (4 units, 3 units, 2 units, or 1 unit, respec- 
tively). If a reaction of any degree occurs in the second tube (D = 2) and is negative 
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in the remaining 3 tubes, it is considered as containing 8 Kolmer units; if a reaction 
of any degree occurs in the third tube (D = 4) and is negative in the remaining 
2 tubes, it is considered as containing 16 Kolmer units; if a reaction of any degree 
occurs in the fourth tube (D = 8) and is negative in the fifth, it is considered as 
containing 32 units; if a reaction of any degree occurs in the fifth tube (D = 16), 
it is considered as containing 64 or more Kolmer units. In this case still higher dilutions 
of spinal fluid may be tested if desired. 

Harris (J. Ven. Dis. Inform., 1947, 28:249) has suggested that all quantitative 
complement fixation and flocculation reactions be reported in terms of the greatest 
dilution in which the tested specimen yields a positive reaction and that the term “dils”, 
a contraction of the word “dilutions”, be used to identify these dilution reactivity end 
points. 

In the regular and the one-fifth Kolmer quantitative serum and spinal fluid tests 
a positive reaction of any degree in the first tube equals 1 dil; in the second tube 
2 dils, in the third tube 4 dils, in the fourth tube 8 dils and in the fifth tube 40 or more 
dils. Of course the technic of these tests can be changed by using progressive dilutions 
of serum in the regular test like 0.2, 0.1, 0.05 and 0.25 ml., or 0.04, 0.02, 0.01 and 
0.005 ml. in the one-fifth method. Likewise by using 0.5, 0.25, 0.125 and 0.0625 ml. 
of spinal fluid in the regular test, or 0.1, 0.05, 0.025 and 0.0125 ml. in the one-fifth 
method. Under these conditions a positive reaction of any degree in the first tubes 
equals 1 dil, in the second tube 2 dils, in the third tube 4 dils, in the fourth tube 8 dils. 

Weakly anticomplementary reactions may be safely reported as follows 4 4 4 1 — 2 


= positive; 4 4 1 — — 1 = positive; 4 4 1 — — + = positive; 3 2 —— — + = 
positive; 4 4 1 — — 3 = doubtful; 3 2 — — — 1 = doubtful; 2 1 ——— + = 
doubtful; 3 — — — — + = doubtful; 1 — — — — + = negative; 1 — — — — 
1 — negative; 2 1 = negative; 2 2 = negative. 


2. The reactions in the simplified test using three tubes may be interpreted as fol- 
lows: (a) strongly positive when complete fixation (+ -++ + -++) occurs in the second 
tube like 4 4 or 3 4; (6) moderately positive when complete fixation (+ + + +) 
occurs in the first tube only, like 4 2 or 4 1; (c) weakly positive when partial fixation 
occurs in one or both tubes, like 3 1, 2 1, 3 —, 2 or 1 —; (d) doubtful when the 
reaction is + in the first tube, like + — and (e) negative when there is complete 
hemolysis in both tubes (— —). 

3. The reactions in the simplified test using two tubes may be interpreted as 
strongly positive (+ + + +); moderately positive (+ + +); weakly positive 
(+ + or +); doubtful (=) or negative (—). 

Slightly anticomplementary reactions may be safely reported as follows: 4 + posi- 
tive; 4 1 = positive; 4 2 — doubtful; 3 1 = doubtful; 3 + = doubtful; 2 2 = 
negative; 2 1 = negative; 1 1 = negative; 1 + = negative; 1 + — negative; 


a= }= == negative. 

4. But until considerable experience has been gained it is always advisable to 
repeat the tests with fresh sera when anticomplementary reactions occur and especially 
in the case of doubtful reactions. Sera which are heavily contaminated with bacteria 
and those which are chylous or heavily discolored with hemoglobin or bilirubin and 
thereby strongly anticomplementary, may be prepared by a modified Sachs method, 


described later. 
5. The Committee on the Evaluation of Serodiagnostic Tests for Syphilis of the 
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U. S. Public Health Service recommends reporting all reactions merely as positive, 
doubtful or negative. 

Analysis of Difficulties. Dur ro CompLemENt. When difficulties are experienced 
they are usually first ascribed to defective hemolysin or antigen but, since both of 
these keep very well, they are rarely responsible. In some instances difficulties are due 
to the use of complement too low in hemolytic activity and particularly in the case of 
preserved or dried complement sera. This is especially true during the hot months of 
the year, and with the use of complement sera of underweight or pregnant guinea pigs 
or of guinea pigs previously employed in inoculation tests. Under these circumstances 
anticomplementary reactions may occur with incomplete hemolysis of the antigen, 
serum and spinal fluid controls. On the other hand, however, complement may possess 
unusual hemolytic activity with exact units of 0.2 or 0.25 ml. of 1:30 dilution. 
Under these circumstances the exact unit should be arbitrarily taken as 0.3 ml. as pre- 
viously discussed (page 819). 2 

Furthermore, while the complement may be satisfactory from the standpoint of 
hemolytic activity, it may be defective because it is supersensitive to what may be 
called the “occult” anticomplementary effects of antigen, serum or spinal fluid. Under 
these circumstances inhibition of hemolysis occurs in those tubes carrying antigen 
while the antigen, serum and spinal fluid controls show complete hemolysis with the 
danger of reporting falsely positive or nonspecific reactions. When improved antigen 
is employed in serum tests they are of exceptional occurrence. However, since they 
may occur in quantitative and simplified spinal fluid tests, it is recommended that egg 
albumin be used if and when observed. 

Dur To PRrzONE REACTIONS. Prezone reactions may occur in quantitative tests 
with sera giving reactions like — — 2 3 4, with complete hemolysis of the serum control, 
but sometimes with incomplete hemolysis of the antigen control. However, they are 
of exceptional occurrence when improved antigen is employed. Otherwise, they may be 
prevented by using egg albumin as previously described. 

Dur to Hemotysin. As previously stated, this is usually first suspected but is 
least likely to be a cause of difficulty, especially if the hemolysin has been previously 
found satisfactory. The unit of antisheep hemolysin in the regular tests should be 
at least 0.5 ml. of 1:4000 and hemolysins of this and higher strengths are so easy 
to prepare that it is a mistake to use weaker products. If the saline solution and 
complement are satisfactory, a good hemolysin is rarely responsible even when shipped 
over long distances or kept in a refrigerator over months and even years of time. 

Due To Corpuscies. When blood is obtained from an abattoir one is almost sure, 
sooner or later, to encounter the corpuscles of occasional animals possessing increased 
resistance to serum hemolysis. The cause of this phenomenon is unknown; fortunately 
it is rare. The remedy is to discard the corpuscles and secure a fresh supply of blood. 
When the corpuscles of preserved blood tend to become too fragile, it is advisable to 
use 0.9 instead of 0.85 per cent saline solution in the conduct of the tests. 

Due To ANTIGEN. Providing no mistakes have occurred in dilution and dosage, this 
is very rarely a cause of trouble. When the antigen control shows incomplete hemolysis 
it is almost surely due to some component of the hemolytic system, especially com- 
plement supersensitive to antigen, in which case egg albumin may be employed. 

Dur TO ANTICOMPLEMENTARY SERA AND SPINAL FLutps. Sera and spinal fluids 
may be found to be anticomplementary, as shown by incomplete hemolysis of the 
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controls. After experience has been gained some of these reactions may be safely read, 
as previously stated, but as a general rule it is safer and wiser to repeat the tests with 
fresh serum or spinal fluid, especially in the case of those technicians lacking experi- 
ence in complement fixation work. It is infinitely better to repeat the tests than to run 
the slightest chance of error, especially the regrettable error of rendering a falsely 
positive report. Sometimes the majority of sera and spinal fluids of a day’s work show 
incomplete hemolysis of the controls, but this trouble is not due to anticomplementary 
effects on their part but rather to the use of a defective complement. Under these 
conditions the tests may have to be repeated and for this reason the unused portions 
of all sera and spinal fluids should be routinely kept in a refrigerator until the tests 
are completed in case repetitions are required. In case difficulties are due to the presence 
of thermostabile anticomplementary substances in sera they can usually be satisfac- 
torily tested after preparation by the modified method of Sachs. 

Methods for Testing Anticomplementary Sera. As previously stated, the results 
of tests with weakly anticomplementary sera may be sometimes safely reported in 
terms of positive, doubtful or negative. When strongly anticompiementary, they may 
be prepared according to a modified Sachs method as follows: 

1. Heat 0.5 ml. at 55° to 56° C. in a water bath for 15 minutes. If the serum has 
been previously heated and is being retested, heat for 10 minutes. 

2. Add 4.1 ml. of accurately titrated N/300 hydrochloric acid and mix thoroughly. 

3. After standing % hour at room temperature, centrifuge thoroughly and discard 
the sediment. 

4. To the supernatant fluid add 0.4 ml. of 10 per cent sodium chloride solution. 
The acid is fixed by the precipitate of globulin; hence neutralization is unnecessary. 

5. This gives a 1:10 dilution of original serum ready for testing as follows: 

REGULAR QUANTITATIVE TEsT. 1. Arrange 2 rows of 5 test tubes (the rear tubes 
are serum controls). 

2. Place 1 ml. of saline solution in tubes 3 and 4 and 2 ml. in tube 5 of the first 
row; place 0.5 ml. in each of the 5 tubes of the second row (serum controls). 

3. Place 1 ml. of prepared serum (1:10) in the first and third tubes of the first 
row and 0.5 ml. in the second tube. Mix No. 3 and transfer 1 ml. to No. 4 and 0.5 ml. 
to No. 3 of the second row. Mix No. 4; transfer 0.5 ml. to No. 5, 0.5 ml. to No. 4 of the 
second row and discard 0.5 ml. Mix No. 5, transfer 0.5 ml. to No. 5 of the rear row 
and discard 1.5 ml. 

4. Place 1 ml. of prepared serum 1:10 in No. 1 and 0.5 ml. in No. 2 of the second 


row. 
5. The 5 tubes of each row now carry 0.1, 0.05, 0.025, 0.0125 and 0.0025 ml. of 


serum, respectively. 

6. Add antigen (0.5 ml. of proper dilution) to each tube of the front row. 

7. Mix the contents of all tubes and allow to stand at room temperature for 10 
to 30 minutes. If a longer time elapses place the tubes in a refrigerator. 

8. Add 1 ml. of complement (2 full units) to all tubes and complete the test in 
the usual manner. 

9. Upon completion of the test all of the tubes of the rear row should show com- 
plete hemolysis. However, the first tubes carrying 0.1 ml. and sometimes the second 
tubes carrying 0.05 ml. of serum of both rows, may show slight inhibition of hemolysis. 
With negative sera the corresponding front tubes show the same inhibition of hemoly- 
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sis and if the degree of inhibition is slight, a negative report may be rendered. With 
positive sera inhibition of hemolysis is much more marked in the tubes of the front 
row. It is advisable to report the reactions as positive, doubtful, or negative. 

REGULAR SIMPLIFIED TEsT. 1. Arrange 2 rows of 3 test tubes each (the rear tubes 
are serum controls). 

2. Place 0.5 ml. of saline solution in the third tube of the first row and 0.5 ml. 
in each of the 3 tubes of the rear row (serum controls). 

3. Place 1 ml. of prepared serum (1:10) in the first tube of the front row and 
1 ml. in the first tube of the second row. 

4. Place 0.5 ml. of prepared serum (1:10) in the second tube of the front row and 
0.5 ml. in the second tube of the rear row. 

5. Place 0.5 ml. of prepared serum (1:10) in the third tube of the first row; mix 
and transfer 0.5 ml. to the third tube of the rear row. 

6. The 3 tubes of each row now carry 0.1, 0.05 and 0.025 ml. of serum respectively. 

7. Add antigen (0.5 ml. of proper dilution) to each tube of the front row. 

8. Mix the contents of all tubes and allow to stand at room temperature for 10 
to 30 minutes. If a longer time elapses place the tubes in a refrigerator. 

9. Add 1 ml. of complement (2 full units) to all tubes and complete the test in the 
usual manner. 

10. Upon completion of the test all of the tubes of the rear row should show com- 
plete hemolysis. However, the first tubes carrying 0.1 ml. and sometimes the second 
tubes carrying 0.05 ml. of serum, of both rows, may show slight inhibition of hemolysis. 
With negative sera the corresponding front tubes show the same degree of inhibition 
of hemolysis, and if the degree of inhibition is slight, a negative report may be ren- 
dered. With positive sera inhibition of hemolysis is much more marked in the tubes 
of the front row. It is advisable to report the reactions as positive, doubtful or negative. 

ONE-FIFTH QUANTITATIVE TEsT. 1. Arrange 2 rows of 5 test tubes (the rear tubes 
are serum controls). 

2. Place 0.2 ml. of saline solution in Nos. 2, 3 and 4 of both rows and 0.8 ml. in 
No. 5 of each row. 

3. Place 0.2 ml. of prepared serum 1:10 in Nos. 1 and 2 of the front row. Mix 
No. 2 and transfer 0.2 ml. to No. 3. Mix No. 3 and transfer 0.2 ml. to No. 4. Mix No. 4 
and transfer 0.2 ml. to No. 5. Mix No. 5 and discard 0.8 ml. 

4. Repeat in the same manner with the rear row. 

5. The 5 tubes of each row now carry 0.02, 0.01, 0.005, 0.0025 and 0.0005 ml. of 
serum respectively. 

6. Add antigen (0.1 ml. of proper dilution) to each tube of the front row. 

7. Mix the contents of all tubes and allow to stand at room temperature for 10 
to 30 minutes. If a longer period elapses place the tubes in a refrigerator. 

8. Add 0.2 ml. complement (2 full units) to all tubes and complete the test in 
the usual manner. 

Upon completion of the test all of the tubes in the rear row should show complete 
hemolysis. However, the first tubes carrying 0.02 ml. and sometimes the second tubes 
carrying 0.01 ml. of serum, of both rows, may show a slight inhibition of hemolysis. 
With negative sera the corresponding front tubes show the same degree of inhibition of 
hemolysis and if the degree of inhibition is slight, a negative report may be rendered. 
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With positive sera inhibition of hemolysis is much more marked in the tubes of the 
front row. It is advisable to report the reactions as positive, doubtful or negative. 

Method for Testing Anticomplementary Spinal Fluids. As previously stated, 
the results of tests with weakly anticomplementary spinal fluids may be sometimes 
safely reported in terms of positive, doubtful or negative. Strongly anticomplementary 
fluids may be tested according to the technic of the regular, one-half or one-fifth quan- 
titative methods by setting up 2 rows of 5 tubes each. Antigen is added to each tube 
of the first row but is omitted from those in the second row, which serve as controls on 
each dose of fluid in the front row. The tests are then completed in the usual manner 
and the reactions interpreted as per the following examples: 


First row: AEA Avs Bll ue ae 
Second row: 4 1] — — —({ <Ositive 
First row: i eg) es nie 
Second row: 45 de ve 
First row: 4 1——-,) piu 
Second row: 1— — — —4 *oSitive 
First row: Ae Alm eae ‘ v 
Second row: 4 2 = te Ne@zaion 
First row: it Gs ae SS “ 
Second row: 4 1— — —\{ Negative 
First row: 3 2——-—) eotan 
Second row: 3 1——-—) egative 


KOLMER COMPLEMENT FIXATION TESTS FOR BACTERIAL, 
LEPTOSPIRAL, RICKETTSIAL AND VIRAL DISEASES 


The technic is practically the same as the Kolmer complement fixation test for 
syphilis except in the methods employed for the preparation and titration of antigens. 
As in agglutination tests, certain strains of microorganisms may be more suitable than 
others for the preparation of antigens. Consequently, the methods employed for their 
preparation and titration have a marked influence upon the sensitivity and specificity 
of these complement fixation tests. 

Antigens. 1. Unfortunately not all bacterial and rickettsial antigens are com- 
mercially available. However, the following may be obtained from the Lederle Labora- 
tories (Pearl River, N. Y.); gonococcus, Colorado tick fever, Q fever (American and 
Italian strains), Rocky Mountain spotted fever, rickettsialpox and typhus fever 
(epidemic and murine). The A. S. Aloe Company (1831 Olive Street, St. Louis 3, Mo.) 
supplies the following bacterial and rickettsial antigens for macroscopic agglutination 
tests which may be satisfactory in complement fixation tests: Br. abortus, Br. meliten- 
sis, S. paratyphi, S. schottmuelleri, S. typhosa (“H” and “O”), P. tularensis and 
Proteus vulgaris (OX49). 

The Lederle Laboratories also supply the following virus antigens for complement 
fixation tests: equine encephalitis (eastern and western types), Japanese B encepha- 
litis, St. Louis encephalitis, lymphocytic choriomeningitis, psittacosis, influenza (types 
A and B), mumps and rabies. The A. S. Aloe Company also supplies the following virus 
antigens for complement fixation tests: encephalomyelitis (eastern and western types), 
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influenza (types A and B), lymphogranuloma venereum, psittacosis, St. Louis encepha- 
litis, mumps and rabies. For a further discussion of their uses see page 649. 

2. The following are important in relation to the use of these virus antigens and in 
the conduct of complement fixation tests: (a) It is frequently found in conducting the 
tests that the antigen control tube fails to show complete hemolysis after the final 
incubation. This is frequently due to the guinea pig complement, since it has been 
found that the sera from approximately 20 per cent of normal male animals may fix 
complement in the presence of certain of the antigens, particularly those of the soluble 
type, e.g. lymphocytic choriomeningitis, psittacosis, rickettsialpox, Rocky Mountain 
spotted fever and typhus fever. This fixation is more noticeable after overnight ice-box 
incubation than during a 1 hour period at 37° C. in a water bath. It is recommended, 
therefore, that the overnight incubation period be used in titrating and checking the 
sera of individual guinea pigs intended for use as a source of complement. Any serum 
definitely showing less complement activity than average with 2 units of the virus 
antigen being employed should be eliminated from the complement pool. 

(6) The antigen for psittacosis is very similar to that of lymphogranuloma 
venereum, and complement fixation tests using the present available antigens will not 
differentiate between the two infections. Antigens prepared from either virus can be 
used for the detection of antibodies to the other infection. 

(c) The commercial antigens available for epidemic and murine typhus are of the 
soluble type and are also serologically very similar. Soluble antigens prepared from 
either rickettsia will detect antibodies against both agents. Serologic differentiation of 
the two infections requires the use of highly specific antigens which can be obtained 
by repeatedly washing and thereby eliminating the soluble antigens. However, such 
antigens are not commercially available and are expensive to prepare. 

(d) The antigens of Rocky Mountain spotted fever and rickettsialpox also cross 
react though differentiation can be established by the Weil-Felix agglutination test. 
Sera from cases of rickettsialpox do not give positive agglutination reactions with any 
of the proteus strains while sera from cases of Rocky Mountain spotted fever give 
positive agglutination reactions with Proteus vulgaris OX49 and OX». 

(e) Physicians will frequently submit specimens from a patient with the suspected 
diagnosis of “encephalitis.” Such sera should be tested against antigens of equine 
encephalomyelitis (eastern and western), lymphocytic choriomeningitis, mumps (for 
meningo-encephalitis caused by its virus) and St. Louis encephalitis. In areas where 
Japanese B encephalitis is known to occur, this antigen should be included. If serum 
is sent from an individual who has been bitten by a dog and is undergoing vaccination, 
the rabies diagnostic complement fixation test is of little value since such individuals 
will develop specific antibodies as a result of the vaccination procedure. 

(f) In pneumonias of apparent non-bacterial origin one should run tests for 
psittacosis, Q fever and influenza. Hemagglutination and streptococcus MG agglutina- 
tion tests for primary atypical pneumonia should be conducted at the same time (see 
Chapter 32). 

(g) The commercial antigen available for the diagnosis of mumps is the V or 
viral antigen. Mumps virus grown in the chick embryo also gives rise to an S or-soluble 
antigen. In mumps, antibodies for the S antigen arise very early in the infection while 
antibodies for the V antigen usually develop later. With the use of both S and V 
antigens it is therefore possible to obtain an early serologic diagnosis of mumps. 
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However, the S antigen is difficult to prepare and is not commercially available. The 
diagnosis of mumps can be made on the basis of a rise in titer for the V antigen. 

(A) As in all complement fixation tests, serum is routinely heated at 56°C. for 
30 minutes. If serum is anticomplementary, heating to 60° C. for 20 minutes may be 
helpful. The addition of a few drops of a concentrated sheep cell suspension to the 
serum followed by incubation for 1 hour and centrifugation may remove anticomple- 
mentary substances. 

(i) The laboratory should always request the physician to report the suspected 
diagnosis, the date of onset of illness and the date upon which the specimen of blood 
was obtained. 

(j) Although several agents have been isolated from cases of primary atypical 
pneumonia, no specific virus has been generally recognized as the etiologic agent; 
consequently no specific antigen is available for the complement fixation test. 

Gonococcus ANTIGEN. This antigen may be prepared of 10 to 14 freshly isolated 
strains, or five or more of the so-called “Torrey strains” of gonococci cultivated on a 
suitable solid medium with the hope of covering the range of serologic variation in the 
group. After 24 to 48 hours’ incubation the growths are removed with saline solution, 
diluted to contain about 3000 million per ml., heated in a water bath for an hour 
at 60° C. and preserved with 0.5 per cent phenol. This method gives a good yield but 
the antigen may be lacking in acceptable sensitivity and specificity. 

In the method of Price as modified by Torrey (J. Immunol., 1940, 38:413) the 
antigen is prepared of the “Uri” and “J.G.” strains of gonococci cultivated in Kolle 
culture flasks of “hormone” veal peptone agar seeded with suspensions from 24-hour 
growths on slants of the same medium harvested with 1:5 sterile ascites fluid in saline 
solution. After 24-hour incubation at 36° C. the growth from each flask is suspended 
in 100 ml. of normal saline solution. After adding 1 ml. of normal sodium hydroxide 
solution to each 100 ml., the suspension is placed in a water bath at 37° C. for 2 hours 
followed by filtration through sterile lint. To the filtrate is added sufficient 10 per cent 
trichloracetic acid to start precipitation. The amount required varies from 1.5 to 2.5 ml. 
per 100 ml., precipitation generally occurring between pH 6.4 and 6.6. After 20 minutes 
at 37° C., the flocculent precipitate is collected by centrifuging and the precipitate 
from each 100 ml. is suspended in 4 ml. of saline solution. Tenth normal NaOH is then 
gradually added to a pH of 7.5 when the fluid becomes clear, or nearly so. Merthiolate 
to a 1:10,000 concentration is added as a preservative. 

Antigen prepared according to the method of Cohn (J. Lab. & Clin. Med., 1936-37, 
22:627) is a simple autolysate of gonococcal strains and requires about 3 months to 
ripen. It may be prepared by washing off erowths in each Kolle flask with 10 ml. saline 
solution. To each 90 ml. of mixed suspension is added 10 ml. of 5 per cent phenol 
followed by storage in the refrigerator for 3 months with occasional shaking. 

According to the method of McNeil (Proc. Soc. Exper. Biol. & Med., 1931-32, 
29:983) 18- to 24-hour cultures of gonococci are harvested with saline solution and 
the suspensions thoroughly centrifuged. The sediment of gonococci is then treated with 
alcohol followed by ether and dried. One gram of dried powder is suspended in 200 ml. 
of freshly double-distilled water, placed in a water bath at 55° C. for 30 minutes 
with frequent shaking and then centrifuged at high speed for 30 minutes. The super- 
natant fluid is discarded and the remaining protein residue suspended in 200 ml. of 
1:10,000 merthiolate in 0.9 per cent saline solution. 
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TUBERCULOSIS ANTIGEN. 1. Cultivate human tubercle bacilli in glycerin broth for 
about 4 weeks and autoclave the flasks at 10 pounds pressure for 20 minutes to kill 
the organisms. 

2. Filter on several layers of good paper and wash the bacillary residue free of 
glycerin with sterile water. 

3. Transfer the residue to a desiccator and dry over sulfuric acid. 

4. Grind in a mortar under a hood for % hour and keep in a tightly stoppered 
bottle at room temperature. 

5. Place 1 gram of powder in a small Erlenmeyer flask fitted with a Liebig’s con- 
denser and electric heater and boil gently for 1 hour with 200 ml. of ether. Discard 
the ether; dry the residue by placing the flask in an incubator, add 200 ml. of acetone 
and boil for 1 hour. Discard the acetone, add 200 ml. of absolute ethyl alcohol and 
boil for 1 hour. Discard the alcohol. 

6. Dry the residue in the flask, add 190 ml. of distilled water and boil for 1 hour. 
Add 2 grams sodium chloride to render isotonic and 10 ml. of 5 per cent tricresol or 
phenol as a preservative. Store in a tightly stoppered bottle in a refrigerator for at 
least 1 week to ripen before titration. 

HisTopLaAsMosis ANTIGEN. An antigen of the yeast phase of Histoplasma capsula- 
tum may be prepared according to the method of Campbell and Saslaw (J. Lab. & Clin. 
Med., 1948, 33:1207) as follows: 1. Cultivate on glucose cystine agar containing 
35 units of penicillin and 40 units of streptomycin per milliliter of medium. 

2. After the fifth day remove the growths from 5 slants with sterile buffered saline 
solution, filter through sterile gauze, and centrifuge at high speed. 

3. Resuspend the sediment in 50 ml. of sterile buffered saline solution containing 
merthiolate (1:10,000 final concentration) and incubate at 37° C. for 7 days. 

4. Centrifuge for 30 minutes at 3,000 r.p.m. and discard the supernatant fluid. 

5. Transfer the sediment to a small TenBroeck glass tissue grinder and grind by 
hand for 30 minutes while adding 1 to 3 ml. of sterile buffered saline solution every 
5 minutes. 

6. Centrifuge at high speed to obtain a clear supernate to which add merthiolate 
to 1:10,000 final concentration. 

TYPHOID AND GLANDERS ANTIGENS. 1. Cultivate the microorganisms on a suitable 
solid medium and wash off the growths with sufficient sterile distilled water to give a 
suspension containing approximately 2,000,000,000 per ml. Or the organism may be 
cultivated in a suitable fluid medium, centrifuged and the residue suspended in sterile 
water to the same concentration. 

2. Shake the suspension with glass beads for an hour to break up clumps. 

3. Transfer to an Erlenmeyer flask fitted with a Liebig’s condenser and electric 
heater and boil gently for 2 hours. Or the suspension may be boiled in an Arnold 
steamer for the same time, making up for any loss in volume with sterile water. 

4. Add 1 gm. of sodium chloride and 5 ml. of 5 per cent tricresol or phenol to 
each 100 ml.; stopper tightly and keep in a refrigerator for a week to ripen before 
titrating. 

The following method is particularly serviceable for preparing antigens of organ- 
isms readily secured in large amounts, as storing in dry powdered form provides a 
means of keeping indefinitely the base from which antigen may be made up in small 
amounts as required. 
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1. Cultivate the organism on a suitable solid medium and remove with a minimum 
amount of sterile saline solution or cultivate in a fluid medium and secure the organ- 
isms by centrifugation. 

2. Dry the residue in a desiccator over sulfuric acid and grind for % hour under 
a hood. 

3. Store the powder in ampules or in a tightly stoppered bottle at room tem- 
perature. 

4. For use place 1 gm. in 190 ml. of sterile distilled water and boil with a con- 
denser for 2 hours; or boil in an Arnold steamer for the same time, making up for 
any loss in volume by adding distilled water. 

5. Add 2 gm. of sodium chloride and 10 ml. of 5 per cent phenol or tricresol. 
Place in a tightly stoppered bottle in a refrigerator to ripen for a week before titrating. 

In case one so desires smaller quantities can readily be made up in similar pro- 
portions. 

BRUCELLA ABORTUS ANTIGEN. According to the method of Boerner and Stubbs, 
cultivate several strains on liver infusion or glycerin agar for 4 to 7 days. Wash off 
with small amounts of sterile distilled water. Heat at 100° C. for 3 hours and place in 
refrigerator for 10 days with occasional shakings. Then shake well and centrifuge at 
low speed for a short time to throw down a greater portion of the bacteria. The super- 
natant fluid, which should be still quite turbid, is pipetted off; add phenol to 0.5 per 
cent. Keep in refrigerator. 

LEPTOSPIRAL ANTIGEN. This antigen may be prepared according to the method of 
Randall, Wetmore and Warner (J. Lab. & Clin. Med., 1949, 34:1411) as follows: 
1. Inoculate 250 ml. Erlenmeyer flasks containing 50 ml. amounts of Stuart’s medium 
(J. Path. & Bact., 1946, 58:343) with 5 ml. of 3-day-old cultures of L. icterohaemor- 
rhagiae and L. canicola; incubate at 29° to 30° C. for 6 days. 

2. Add 0.05 ml. of formalin to each flask and incubate at 29° to 30° C. for 1 day. 

3. Transfer 50 ml. amounts of killed cultures to plastic tubes and centrifuge at 
17,000 r.p.m. for 15 minutes in an International Model PR-1 refrigerated centrifuge 
at 0° to 3° C. 

4. Decant the supernatant fluids and wash the packed leptospirae 3 times with 
0.85 per cent saline solution buffered at pH 7.0. 

5. Resuspend the washed organisms in buffered saline solution to one tenth of the 
original volume of the culture medium. 

6. Expose 20 milliliters aliquots of the suspension to sonic vibration at 9,400 cycles 
per second for 10 minutes in a water-cooled Raytheon Type R-22-3 magnetostriction 
oscillator maintained at 100 volts. 

7. Pool the antigens and add merthiolate to 1:10,000 final concentration. Keep the 
antigen at 4° C. 

Titration of Antigens. ANTICOMPLEMENTARY. This is for the purpose of determin- 
ing the anticomplementary unit which is the smallest amount of antigen giving slight 
inhibition of hemolysis at the end of the secondary incubation of one hour in a water 
bath at 37° C. Dilutions of antigen are prepared with saline solution and it makes no 
difference whether antigen is added to saline or saline to antigen. The method of 
titration is shown in Table 60. The hemolytic system control should show complete 
hemolysis; the corpuscle control should show no hemolysis. 
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TABLE 60. ANTICOMPLEMENTARY TITRATION. 


; Saline Complement Hemolysin | Corpuscles 
ae) Solution ml. ml. ml. 
Ces ale ml. (2 full units) (2 units) | (2 per cent) 
Undiluted 0.5 1.0 = 0.5 0.5 a 
Ss} 
Se Lal = 
1:2 0.5 1.0 “3 0.5 0.5 : 
———— Oe oe 
1:3 0.5 1.0 ee 0.5 0.5 ae 
eres or ee ee 3 #8 ees 
: aoe 0.5 0.5 ae 
1:4 0.5 1.0 ; é 33 g ° 
SS ° Ses 
1:6 0.5 1.0 3 Bo 0.5 0.5 S5 
oh teh ey a a6 
1:8 0.5 1.0 #S So 0.5 0.5 se 
(eae ele ee ee Ses S Ee 
ip is} Le) ba! 
1:10 0.5 1.0 S25 0.5 0.5 =o 
Bos roe 
1:12 0.5 1.0 ais 0.5 may Foeke 
ane 3g Oh 
1:16 0.5 1.0 eee 0.5 0.5 Fes ve 
nse ss 
a =| 
22.0 OH 1.0 BS OD 0.5 cs 
Aa 5 Ra 
Hemolytic 1.0 1.0 As 0.5 ee 
Control 
Corpuscle a5) —_ — 0.5 
Control 


ANTIGENIC. This titration is advisable (but not absolutely essential) if a known 
positive serum is available. A mixture of positive Auman sera should be employed 
(after heating in a water bath at 55° to 60° C. for 30 minutes) in dose of 0.5 ml. 
of 1:10 dilution. The same applies to horse sera and guinea pig immune sera. Cattle 
sera should be heated at 58° to 60° C. and mule sera at 62° C. for 30 minutes and 
used in dose of 0.5 ml. of 1:10 dilution. Immune rabbit sera should be heated to 62° C. 
for 30 minutes and used in dose of 0.5 ml. of 1:50 or higher in order to avoid non- 
specific reactions. The antigenic unit is the smallest amount of antigen giving a 
+-+-+-++ reaction. The method is shown in Table 61. The serum and hemolytic system 
controls should show complete hemolysis; the corpuscle control should show no 
hemolysis. 

AMOUNT OF ANTIGEN To Emptoy. An antigen may be used in an amount equiva- 
lent to about 14 or % of its anticomplementary unit in the conduct of the complement 
fixation test. For example, if the anticomplementary unit is 0.5 ml. of 1:6 dilution, the 
dose may be 0.5 ml. of 1:18 to 1:24 dilution. 

If an antigenic titration has been conducted the dose should be equivalent to at 
least 2 antigenic units providing this amount is no more than % the anticomplementary 
unit. 
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TABLE 61. ANTIGENIC TITRATION. 


: Positive | Complement Hemolysin Goriscles 
Tube aoe Serum ml. ml. ml. 
p ? ml. (2 full units) (2 units) | (2 per cent) 
1 IDEAL) 0.5 1.0 0.5 0.5 
2 1:20 0.5 1.0 as 0.5 0.5 8 
on 
eh le i a 
3 1:40 0.5 1.0 Ng 0.5 0.5 8 
es : 
o 1:60 0.5 1.0 was 0.5 0.5 et ees 
Cag Fs 
5 1:80 0.5 1.0 % E 0.5 os 6|- Ag 
ey) = gy 
6 1:100 0.5 1.0 gO 0.5 0.5 tated 
ea 
i Bao re g 
s ees 
7 1:200 0.5 1.0 2 0.5 0.5 gk 
2 S = a] 2 
Orc PS 
8 1:300 OES 1.0 >'o 3 0.5 0.5 Sm 
eae Bae 
9 1:400 0.5 1.0 fg 0.5 0.5 cee 
A, ry we 
10 |Serum con-| 0.5 1.0 8 oo 0.5 0.5 8 
om eee) 
trol 0.5 ml. Ea 3} 
saline =" = 
38 Ieee er 2 SN s 
11 Hemo. con- —_ 1.0 = fs 0.5 ns 
trol 1.0 ml. = a 
saline 
12 Corp. con- _ == a 
trol)2?5email: 
saline 


Bacterial antigens usually keep quite well in a refrigerator but it is advisable to 
retitrate them every 2 or 3 months for possible increase of anticomplementary activity 
or loss of antigenic sensitivity. 

Quantitative and Simplified Complement Fixation Tests. The technic of these 
is exactly as described for the syphilis tests except that the primary incubation may 
be either (a) 2 hours or 15 to 18 hours in the refrigerator at 6° to 8° C. followed by 
Y, hour in a water bath at 37° C. or (6) 2 hours in a water bath. The latter is particu- 
larly recommended for the tuberculosis complement fixation test. In the quantitative 
test serum is used in amounts of 0.2, 0.1, 0.05, 0.25 and 0.005 ml. with 0.2 ml. in the 
control; in the simplified test the serum is used in amounts of 0.2 and 0.1 ml. with 
0.2 ml. in the control. 

It is advisable to include positive and negative controls, especially the former. 
The negative controls should be of human sera in the tuberculosis, gonococcus, typhoid 
and such tests; the positive controls should be of human sera when available but 
otherwise immune sera of the lower animals may be used, 
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The readings should be made 10 minutes after complete hemolysis of the antigen 
control in the case of those sera showing complete hemolysis of the serum controls; 
these give the mest sensitive readings. Otherwise the readings should be made imme- 
diately after the secondary incubation of %4 or 1 hour, providing the antigen, serum, 
hemolytic system and negative serum controls show complete hemolysis. 

In conducting the tuberculosis complement fixation test, the complement fixation 
test for syphilis should be always conducted at the same time because syphilis antibody 
may give a positive reaction with tuberculosis antigen in the absence of tuberculosis. 
When the syphilis reaction is strongly positive, the tuberculosis test is also quite apt 
to yield a positive reaction and should be reported upon with great caution. This is not 
true, however, in the case of the gonococcus, typhoid and other bacterial complement 
fixation tests. 


KOLMER COMPLEMENT FIXATION TESTS WITH RABBIT, DOG 
AND MULE SERA 


The sera of some of the lower animals, notably of the rabbit, dog, and mule, some- 
times yield nonspecific complement fixation and precipitation reactions with the various 
antigens employed in the syphilis reactions. With various bacterial antigens the degree 
of fixation is even greater. Therefore, in conducting complement fixation reactions 
with the sera of these animals, the technic must be modified to avoid the possibility 
of these nonspecific reactions and yet sufficiently sensitive for the detection of specific 
antibody. These ends are met by heating the sera at 62° C. instead of at 55° to 56° C. 
and by using more complement (first method) or smaller doses of serum (second 
method). 

First Method. The technic is exactly the same as described for the testing of 
human sera except: 

1. The natural antisheep hemolysins are not removed from the sera. 

2. The sera are heated in a water bath at 62° C. for 30 minutes. 

3. The doses in syphilis tests are 0.1, 0.05, 0.025, 0.0125, 0.006 and 0.1 ml. (con- 
trol) in the quantitative test. But in bacterial complement fixation tests smaller 
amounts of serum should be used as: 


0.025 ml. (0.5 ml. of 1:20) 

0.012 ml. (0.5 ml. of 1:40) 

0.006 ml. (0.5 ml. of 1:80) 

0.003 ml. (0.5 ml. of 1:160), etc. 
0.025 ml. (0.5 ml. of 1:20) control 


The first 2 doses of either series are used in the qualitative test, i.e. 0.1, 0.05 and 
0.1 ml. (control) with improved Kolmer antigen in syphilis tests, or 0.025, 0.012 and 
0.025 ml. (control) in bacterial complement fixation tests employing the antigen in a 
dose equivalent to one fourth of its anticomplementary unit. 

4, Four units of complement are used instead of 2% and so diluted that this dose 
is contained in 1 ml. Example: 


Unit = 0.3 ml. of 1:30 
Four units = 1.2 ml. of 1:30 


TESTS WITH URINE, MILK, TRANSUDATES AND EXUDATES 847 


To calculate the dilution to use so that 1 ml. contains the dose, divide 30 by the 
dose: 


5 = 25 or dilution 1:25 in dose of 1 ml. 


Second Method. The technic is exactly the same as described for testing human 
sera except: 

1. The natural antisheep hemolysins are not removed from the sera. 

2. The sera are heated in a water bath at 62° C. for 30 minutes. 

3. The doses of serum in quantitative syphilis tests with the usual dose of antigen 
are: 


0.025 ml. (0.5 ml. of 1:20) 

0.0125 ml. (0.5 ml. of 1:40) 

0.006 ml. (0.5 ml. of 1:80) 

0.003 ml. (0.5 ml. of 1:160) 
0.0015 ml. (0.5 ml. of 1:320) 
0.025 ml. (0.5 ml. of 1:20) control 


The doses in quantitative bacterial tests with one fourth of the anticomplementary 
unit of antigen are: 


0.0125 ml. (0.5 ml. of 1:40) 

0.006 ml. (0.5 ml. of 1:80) 

0.003 ml. (0.5 ml. of 1:160) 

0.0015 ml. (0.5 ml. of 1:320) 
0.0008 ml. (0.5 ml. of 1:640) 
0.0125 ml. (0.5 ml. of 1:40) control 


In qualitative tests the first 2 doses of either series are employed along with the 
larger amount in the third tube or serum control. 

Heating sera at 62° C. for 30 minutes does not destroy enough antibody in syphi- 
litic rabbits or in rabbits and dogs immunized to various antigens to interfere with the 
sensitiveness of the reactions; nor does this degree of heating of mule sera interfere 
with the sensitiveness of the glanders complement fixation test for which they are 
usually submitted. 


KOLMER COMPLEMENT FIXATION TESTS WITH URINE, MILK, 
TRANSUDATES AND EXUDATES 


Transudates like pleural, pericardial, peritoneal and joint fluids are usually free 
of anticomplementary activity and may be tested in the same manner as serum. 
They should be heated at 55° C. for 15 minutes. As a general rule, however, their 
antibody content is less than in serum and larger doses are sometimes required similar 
to those employed in testing spinal fluid (0.5, 0.25 and 0.125 ml.). 

Exudates like blister fluids and tuberculous pleural exudates are much more likely 
to be anticomplementary; likewise urine and milk. 

Urine, milk and exudates (such as pleural exudates for tuberculosis) should be 
freshly collected and kept at a low temperature until examined. Each should be heated 
at 55° C. for 15 minutes and first tested for anticomplementary activity as follows: 

1. Titrate hemolysin. 

2. In a series of eight test tubes place 0.5 ml. undiluted, 1:2, 1:3, 1:4, 1:6, 1:8, 
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1:12 and 1:16 dilutions of the fluid to be tested. Titrate the complement and add 2 
full units (1 ml.); also 0.5 ml. of saline solution. 

3. Water bath at 37° C. for 1 hour. 

4. Add 2 units of hemolysin and 0.5 ml. of 2 per cent corpuscles. 

5. Water bath 1 hour and read. 

6. Include a hemolytic system and corpuscle control. 

The smallest amount giving even slight interference of hemolysis is the anticom- 
plementary unit and varies greatly with different specimens. 

7. In setting up the complement fixation tests, place 4 of the anticomplementary 
unit in a front and rear tube; for example, if this happens to be 0.5 ml. of 1:4 dilution, 
use 0.5 ml. of 1:16. 

8. To the front tube add the usual dose of antigen and to the rear tube 0.5 ml. of 
saline (control). 

9. The complement is titrated in the presence of the antigen in the usual manner 
and 2 full units added to both tubes. 

10. The primary incubation is the usual 15 to 18 hours at 6° to 8° C. followed 
by 10 to 15 minutes in a water bath, the test being finished in the usual way. 


KOLMER COMPLEMENT FIXATION TESTS FOR PROTOZOAL AND 
METAZOAL DISEASES 


Antigens. These are not commercially available. However, antigens prepared for 
allergic skin tests in the diagnosis of echinococcosis, trichinosis, filariasis, schisto- 
somiasis and leishmaniasis (Chapter 35), may be used in complement fixation tests. 

ENpAMOEBA Histotytica. Antigen may be prepared according to the method of 
Craig by extracting cultures of the parasite or mucoid material obtained from the 
intestine of infected dogs, rich in the amebae, with 7 or 8 volumes of absolute alcohol 
and extracting for 15 days at 37° C. with daily shaking; after filtration the filtrate is 
used. 

To eliminate numerous contaminating bacteria and their metabolic products occur- 
ring in culture antigens, Rees and his associates (Am. J. Trop. Med., Nov., 1942) have 
described a method in which E. histolytica is cultivated in a fluid medium with a single 
bacterial symbiont designated as “organism t” and probably Leptoérichia buccalis. 
After 72 hours of incubation the amebae are recovered from the fluid by centrifugation, 
washed with Locke’s solution and suspended in Locke’s solution. The antigen is then 
frozen for 4 hours in dry ice and thawed overnight at 10° C. It is then cleared of 
sediment by centrifugation in the angle head machine and stored at 10° C. 

Ma raria. According to the method of Coggeshall and Eaton (J. Exper. Med., 1938, 
67:871; and 1939, 69:379) antigen may be prepared of the blood of monkeys dying 
of infection with P. knowlesi. Blood containing 20 to 50 per cent of parasitized erythro- 
cytes is collected in 2 per cent sodium citrate solution, centrifuged to separate the 
serum, and washed twice with saline solution. The packed cells and parasites are then 
suspended in an equal volume of saline, frozen, dried and ground. The equivalent of 
each 1 ml. of packed cells is suspended in 10 ml. of saline solution, frozen and thawed 
four times, centrifuged, and the supernatant used as antigen. 

LEISHMANIA. The 3 species of leishmania may be cultivated on the blood medium 
of Senekji prepared as follows: Bacto beef extract, 50 parts is dissolved in distilled 
water 1000 parts and heated at 50° C. for 1 hour followed by 80° C. for 5 minutes. 
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The solution is then passed through filter paper and the following ingredients added: 
20 parts neopeptone, 20 parts agar (Nobel) and 5 parts chemically pure sodium 
chloride. Adjust to a pH of 7.2 to 7.4 and autoclave at 121° C. for 20 minutes. Cool 
to 45° C., add sterile defibrinated rabbits’ blood to make 10 per cent of the medium 
and slant. Antigens are prepared by suspending cultures of leishmania in saline solution 
containing 1 per cent glycerin and 0.5 per cent phenol. 

TrypANosoME. Antigen may be prepared of T. cruzi for complement fixation tests 
in Chagas’ disease by cultivating the parasite on the blood medium of Senekji and 
preparing suspension in saline solution containing 1 per cent glycerin and 0.5 per cent 
phenol. 

In complement fixation tests with the sera of horses for dourine, white rats are 
inoculated and as soon as the tail blood shows the presence of a heavy infection, anti- 
gens are prepared by securing the organisms from the blood by the method of Reynolds 
and Schoening as follows: “Blood of infected rats is collected in a 1 per cent sodium 
citrate solution in physiologic salt solution in order to prevent coagulation. When all 
the blood has been collected, the solution is filtered through cheesecloth to remove clots 
and fibrin, poured into tubes, and centrifugalized for about 20 minutes at 2100 revolu- 
tions per minute. This precipitates all the corpuscles and most of the trypanosomes, 
leaving an upper stratum of blood serum and citrate solution containing some of the 
organisms. This fluid is drawn off and again centrifugalized in order to recover any 
of the protozoa which may be present. To the other tubes containing the mass of cor- 
puscles intermixed with and superimposed by trypanosomes is added sufficient distilled 
water to produce complete hemolysis of the rat erythrocytes, a matter of about 20 
minutes, which procedure is facilitated by agitation of the mixture in a flask. This also 
is centrifugalized but in this instance for about 4 hour, upon the completion of which 
there is found at the bottom of the tubes a mass of trypanosome with an admixture of 
stroma of the hemolyzed red cells, which latter, in quantity, has been found to be neg- 
ligible. After discarding the supernatant fluid (hemoglobin-stained water) physiologic 
salt solution is added and the material vigorously shaken until the mass of trypano- 
somes is disintegrated and evenly distributed throughout the solution. Centrifuging is 
again resorted to with similar results, the washed mass of trypanosomes being packed 
at the bottom of the tubes. The salt solution is poured off and an amount of preserving 
fluid (physiologic salt solution and glycerin) equal to about twice the amount of try- 
panosomes added; the mixture is then agitated until a uniform suspension is acquired, 
when it is stored in a refrigerator at a low temperature until used.” 

Ecurnococcus. The fluid from echinococcus cysts has been usually employed pre- 
served with 0.5 per cent phenol in a refrigerator. It would appear, however, that the 
scolices contain most of the antigenic principles and a better antigen may be prepared 
by grinding up the moist scolices with fine sand in a mortar and adding 9 volumes of 
the clear cyst fluid or saline solution to give an approximate 10 per cent extract of the 
scolices. Phenol or tricresol should be added to 0.25 per cent and the mixture extracted 
in an incubator at 37° C. for 4 days, filtered, and stored in a refrigerator. 

Fairley recommends an alcoholic extract prepared by grinding the scolices with 
fine sand, adding 9 volumes of absolute ethyl alcohol to give a 10 per cent extract, and 
placing the mixture in an incubator for 2 days when it is filtered and stored for use. 

Scuistosomiasis. This antigen, which is group specific, is usually prepared accord- 
ing to the method of Fairley by extracting each infected snail liver with 1 ml. of 
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absolute alcohol at 37° C. for 24 hours with shaking. The extract is then filtered, the 
filtrate dried and the antigen completed by dissolving 0.1 gm. in 4 ml. normal saline 
solution. An alternate method consists in concentrating the filtrate in a water bath at 
45° C. to the point of turbidity, adding just enough absolute alcohol to clarify it, and 
dispensing in 1 ml. ampules which are kept in the refrigerator. When needed, 1 ml. is 
diluted with 39 ml. normal saline solution. 

PaRAGONIMIASIS. This antigen may be prepared by extracting macerated adult 
Paragonimus westermani, obtained from human cases at autopsy or from experimen- 
tally infected laboratory animals, with 0.5 per cent solution of phenol in normal saline 
solution at 37° C. for several days. 

TITRATION. The method of titration for anticomplementary activity is the same as 
shown in Table 57. Each antigen is employed in a dose equivalent to 4 or 4 of its 
anticomplementary unit since these amounts yield the most sensitive reactions, prezone 
reactions being quite uncommon. 

If known positive human sera are available antigenic titrations may be conducted 
as shown in Table 58 and the antigen used in dose of 2 to 4 antigenic units. When 
rabbit immune sera are used for antigenic titrations or for positive controls in comple- 
ment fixation tests, they should be heated at 62° C. for 30 minutes and the dose should 
not be more than 0.5 ml. of 1:50 dilution (0.01 ml. serum) in order to avoid the non- 
specific reactions sometimes produced by normal rabbit serum. 

Tests. In conducting the tests either the qualitative (simplified) or quantitative 
methods may be employed in exactly the same manner as in tests for syphilis. The 
primary incubation may be (a) 4 or 15 to 18 hours in a refrigerator at 6° to 8° C. 
followed by 10 minutes in a water bath at 37° C. or (0) 2 hours in a water bath at 
37° C. It is always necessary to conduct the complement fixation test for syphilis at 
the same time because all antigens of protozoa and metazoa are capable of yielding 
cross complement fixation reactions with sera containing large amounts of syphilis 
antibody. Whenever a serum gives a positive complement fixation reaction for syphilis, 
the results of positive reactions with protozoal and metazoal antigens should be inter- 
preted with great care. 
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Preparation and Titration of Extracts. 1. If the material for testing is a stain on 
a fabric such as a towel, handkerchief or undergarment, a portion is carefully cut away 
with clean scissors and extracted in sterile phenolized saline solution prepared by 
diluting 1 ml. of pure phenol up to 400 ml. with saline (0.25 per cent and sufficient 
for preventing bacterial growths). If it appears to be an unwashed stain of blood a 
piece or aggregate of pieces totalling about 2 inches square may be extracted in 50 ml. 
of phenolized saline solution. If the stain has been partially washed out, correspond- 
ingly larger pieces should be extracted or smaller amounts of phenolized saline em- 
ployed. Sometimes it is advisable to tear portions into single threads which may show 
incrustations, especially if the fabric is of a heavy kind. Spots may be scraped from 
wood, metal and plastered walls with clean scalpels and collected in containers or 
placed at once in phenolized saline solution. As a general rule each 0.1 gm. of material 
should be extracted in about 10 ml. of sterile solution to obtain approximately 1 to 100 
extracts. One part of cloth should be extracted in 100 parts of sterile phenolized water 
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to give complete hemolysis and later rendered isotonic by adding 1 gm. of sodium 
chloride to each 100 ml. In medicolegal work it is imperative to exercise every precau- 
tion against confusion and the source of every specimen, along with other essential 
data, should be carefully recorded. 

2. It is advisable to prepare control extracts at the same time and in the same 
manner by extracting similar pieces of unstained fabric or other material if available, 
which is usually the case. 

The extracts should be placed in an incubator for 24 hours, or longer, for the 
solution of flinty particles from spots on metal or wood. Heating the extracts at about 
40° C. for an hour or two sometimes hastens solution. Sometimes it is necessary to 
promote solution by extracting with 0.5 per cent solutions of sodium hydroxide in 
saline solution and later neutralizing with decinormal hydrochloric acid with phenol- 
phthalein indicator. 

3. Small portions of blood-soaked plaster, earth, hay, straw, grass or leaves may 
be extracted with phenolized saline solution but in the case of leather, wood, bark and 
earth the reaction should be taken and the extracts brought to the neutral point. 

4. The extract should be filtered through paper if necessary although in most 
instances they can be used unfiltered since they do not require the crystal clearness 
essential for the precipitation test. 

5. Each extract should now be tested chemically for blood by the benzidine or 
some Other reliable method. If these or tests applied directly to the material are nega- 
tive for blood it is hardly advisable to go on with the complement fixation tests. 

6. Determine the anticomplementary unit of each extract as shown in Table 62. 

Preparation and Titration of Immune Serum. 1. /t is essential to use immune 
serum containing large amounts of antibody in order to secure specific and reliable 
results; this is especially true in medicolegal tests and the unit should not be less than 
0.5 ml. of 1 to 200 of serum when titrated as described later. 

2. Large, healthy and previously unused rabbits are usually chosen and any one 
of several methods of immunization may be employed. One of the best methods is the 
daily intravenous injection of 0.1 ml. of sterile defibrinated blood or serum diluted 
with 0.9 ml. of sterile saline solution for 21 to 28 injections. By exercising due care 
with the ear veins no difficulties are encountered, the mortality is low and the yield of 
antibody usually quite good. 

3. A second method is to give 0.5 ml. of sterile defibrinated blood or serum diluted 
with 4.5 ml. of sterile saline solution by intravenous injection every 5 to 7 days for 
6 to 8 injections. 

4. One week after the last injection by either method some blood is removed from 
the ear of each animal and a titration made of the antibody content as described later. 
If the unit is 0.5 ml. of 1 to 200 or higher (preferably 1 to 500 to 1 to 1000) the 
animal is bled, the serum separated and preserved with an equal part of chemically 
pure glycerin. 

5. Dilute 0.1 ml. of serum with 0.9 ml. of saline solution and heat at 62° C. for 
30 minutes; add 19 ml. of saline solution (1:200). If the serum is preserved with an 
equal part of glycerin dilute 0.2 ml. with 0.8 ml. saline solution, heat and add 19 ml. 


saline solution (1:200). 
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6. Prepare an antigen of homologous blood by diluting 1 ml. of defibrinated blood 
in 100 ml. of sterile water and after complete hemolysis add 1 gm. of sodium chloride. 
Or dissolve 0.2 gm. of pulverized dried blood in 20 ml. of sterile saline solution. Titrate 
for anticomplementary activity and use in dose of 14 the unit although these antigens 
are almost invariably without anticomplementary activity and may be used in a dose 
of 0.5 ml. of 1 to 2 dilution of the stock 1 to 100 solution. 

7. Complete the test as shown in Table 63. The smallest amount of immune serum 
giving a +--++-++- reaction is the unit and the bottle or vial may be labelled accord- 
ingly. If the serum is titrated 1 or 2 weeks after ripening in a refrigerator, the unit 
remains quite constant over months of time and the serum may be used without re- 
titration. But in medicolegal cases it is always advisable to retitrate before setting up 
the complement fixation tests. The amount employed in the complement fixation tests 
ws 2 to 10 units in 0.5 ml. providing this amount does not exceed 0.5 ml. of a 1 to 
100 dilution. If the unit were just 0.5 ml. of 1 to 200 the dose would be 2 units or 0.5 
ml. of 1 to 100. If the unit is less than 0.5 ml. of 1 to 200 the serum should not be 
used. 

Test. 1. The unknown extract is used in 6 different doses. If the stock solution is 
not anticomplementary when titrated as shown in Table 62 the doses are 0.5 ml. of 
stock and 0.5 ml. of 1 to 2, 1 to 3, 1 to 4, 1 to 6 and 1 to 8 dilutions of it (Tubes 
eZee, 4 oO 2a, 10)’. 

2. If control extracts are included they may be prepared by dissolving 0.5 ml. of 
defibrinated blood in 50 ml. of sterile water and adding 0.5 gm. of sodium chloride. As 
a general rule they do not require titration and may be used in a single dose of 0.5 ml. 
of 1 to 2 dilutions as shown in Tubes 10, 11, 12, 16, 17 and 18 of Table 64. 

3. The hemolysin is titrated as described on page 816. 

4. The complement is titrated in the presence of the largest amount of each blood 
extract employed and used in a dose of 2 full units. The general arrangement is the 
same as shown on page 817 except that the dose of antigen is usually 0.5 ml. of un- 
diluted or 1 to 2 dilution of stock solution of each extract. 

5. The antihuman and other antisera are heated at 62° C. for 30 minutes and 
used in a dose of 2 to 10 units providing this dose is not more than 0.5 ml. of 1 to 100 
of serum. If the unit happens to be 0.5 ml. of 1 to 200, 2 units or 0.5 ml. of 1 to 100 
may be used. But if the unit is less than 0.5 ml. of 1 to 200 the serum should not be 
used. 

6. When extracts and antisera are mixed there may be an interval of 10 minutes 
before the addition of complement although this is not essential. 

7. Each extract is controlled for anticomplementary activity and each should show 
complete hemolysis, as shown in Tubes 7, 16, 17 and 18. 

8. Each antiserum should be controlled for anticomplementary activity and give 
complete hemolysis, as shown in Tubes 13, 14 and 15. 

9. A positive control employing an extract of human blood and antihuman serum 
should be included and show a strongly positive reaction, as in Tube 10. 

10. Likewise controls on each known extract set up with homologous sera as shown 
in Tubes 11 and 12 and giving strongly positive reactions. 

11. A hemolytic system control should be included and give complete hemolysis 
(Tube 19). 

12. A corpuscle control should show no hemolysis (Tube 20). 
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METHODS FOR CONDUCTING FLOCCULATION 
AND PRECIPITATION TESTS * 


BOERNER, JONES AND LUKENS' FLOCCULATION TESTS 
FOR SY PREIS 

Preparation of Antigen. 1. To 30 grams of beef heart powder (Difco Labora- 
tories) add 200 ml. of acetone and shake frequently for at least 30 minutes by hand, 
or shake continuously on shaking machine for at least 5 minutes. 

2. Filter through paper. Wash with 50 ml. of fresh acetone, and discard the filtrate. 

3. Dry the powder to absence of acetone odor. 

4. Place the powder in a flask and add 225 ml. of absolute alcohol and 75 ml. of 
ether (U.S.P.). Allow to stand at room temperature for 4 hour, mixing thoroughly 
every 5 minutes or shake continuously on shaking machine for 15 minutes. 

5. Filter through filter paper and discard the residue. 

6. Place the filtrate in a large flask or beaker and evaporate to 10 ml. by boiling in 
a water bath or on a hot plate. If the concentration is below 10 ml., add sufficient 
absolute alcohol to make up to this amount. 

7. Place the concentrated filtrate in a well-stoppered flask or bottle, and place in 
the refrigerator at 6° C. to 8° C. overnight. 

8. Filter through a good grade filter paper. This filtration should be done in the 
refrigerator so that the filtration will be completed while the solution of antigen is 
still cold. 

9. Allow to stand overnight at room temperature, and if any precipitate forms it 
should be filtered or centrifuged. Store in amber glass bottle at room temperature. If a 
slight precipitate forms after storage, it should be removed by filtering or centrifuging. 
This precipitation does not alter the usefulness of the antigen. Larger amounts may be 
prepared by proportional increase in the amount of beef heart and solvents. 

Titration of Antigen. 1. In a series of 8 small test tubes place 0.9, 0.8, 0.7, 0.6, 
0.6, 0.4, 0.3 and 0.2 ml. of antigen respectively; add absolute ethyl alcohol to make 
1.0 ml. in each tube. 

2. Prepare emulsions of the stock and each of these 8 diluted antigens with saline 
solution in the same manner as described later for the routine test. Also prepare an 
emulsion of an antigen previously tested and of satisfactory sensitivity (control 
antigen). 


* Grateful acknowledgment is made to Supplement No. 22 of the Journal of Venereal Disease 
Information for material taken from the Manual of Serologic Tests for Syphilis assembled at the 
Venereal Disease Research Laboratory, U. S. Marine Hospital, Dr. John F. Mahoney, director. 
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3. Conduct microflocculation tests with all 10 antigens using several dilutions of 
serum giving strongly positive to negative reactions. 

4. The titer of the antigen is the amount of antigen-alcohol mixture giving reac- 
tions corresponding to the control antigen. If 3 mixtures give similar reactions the tite 
is midway between the first and third. The antigen-alcohol mixture to use should be 
prepared at monthly intervals. This mixture and the stock antigen should be kept 
tightly stoppered at room temperature. 

Preparation of Antigen Emulsion. 1. Arrange 4 test tubes in a row (Kolmer 
tubes are very satisfactory). 

2. In the first tube, place 2 ml. of saline solution (0.85 per cent). 

3. In the second tube, place 0.1 ml. of antigen (pipet to the bottom of the tube 
for greater accuracy). 

4. In the third tube, place 1.0 ml. of distilled water (the water should be boiled 
for 5 minutes and then cooled just before use). 

5. In the fourth tube, place 1.0 ml. of 1 per cent solution of cholesterol in absolute 
alcohol, heated to 37° C. before use to insure complete solution of the cholesterol. 
A supply of cholesterolized alcohol may be prepared and kept at 37° C. 

6. Pour quickly the contents of tube 4 into tube 3; immediately pour the contents 
of tube 3 into tube 2; immediately pour the 
contents of tube 2 into tube 1. Place a stopper 
in tube 1 and shake vigorously for 1 minute. 

7. Place the antigen in a water bath or 
incubator at 37° C. for 15 minutes. 

8. This emulsion should be freshly pre- 
pared for each day’s tests. If more than 4 ml. 


is required, several lots may be prepared and Fig. 346. Boerner micro test slide. 
pooled. (Courtesy of Arthur H. Thomas Com- 
pany.) 


Microscopic Serum Test. 1. Prepare emul- 
sion of antigen as previously described. 

2. Inactivate the serum to be tested at 56° C. for 1% hour, or at 58° C. for 10 
minutes. 

3. Special slides are recommended for use in this test (Fig. 346). These should be 
clean and fat free. Immediately after use the slides should be placed in water. At a 
convenient time they are removed and scrubbed with soap and water, and rinsed with 
tap water. They are then placed in absolute or 95 per cent alcohol where they can 
remain until ready for use (any glass or metal container that can be covered tightly 
may be used). Just before using, remove from the alcohol and wipe dry with gauze or 
cloth. A plain slide may be used in which case rings about 12 to 13 mm. inside diameter 
are made with wax pencil or paraffin. 

4. Place 0.1 ml. or 0.05 ml. of serum to be tested in the ring. (The sensitivity is 
slightly decreased when the smaller dose of serum is employed.) 

5. Add 1 drop of the antigen (0.01 ml.) from a capillary pipet. Pipet should be 
calibrated to deliver between 95 and 105 drops per ml. A special pipet is recommended 
which is easily made and calibrated (Fig. 347). A syringe with a needle attached 
which will deliver the required number of drops may also be used. 

6. Place slide on rotor (Fig. 348), and allow to shake for 4 minutes or rotate slide 
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on flat surface for 4 minutes. If the oscillating platform shaking machine is used, the 
time should be 10 minutes. 


A.HT CO. 


—_—_— SSS SS 


Fig. 347. Boerner antigen emulsion pipet. 
(Courtesy of Arthur H. Thomas Company.) 


7. Examine immediately under low power magnification (16 mm. objective and 
eyepiece 10). 

8. Negative reactions will show uniform dispersion or small granules. Positive re- 
actions show varying degrees of aggregation and may be reported as plus 4, plus 3, 
plus 2 and plus 1. Doubtful reactions show indefinite aggregation of the particles, and 
in such cases it is advisable to re- 
peat the test. If the repeated test 
gives a plus | or doubtful reaction, 
it should be reported as doubtful. 

Macroscopic Serum Test. 1. 
Prepare emulsion of antigen as pre- 
viously described. 

2. Inactivate the serum to be 
tested (at 56°=C. for, 12) hours 0b 
for 10 minutes at 58° C. 

3. One tube is used for each 
test (Kahn tube or one of similar 
diameter). A special wire rack has 
been designed for use in this test, 
especially useful where a large 
number of tests are conducted 
(Fig. 349). 


Fig. 348. Electric rotating apparatus. 
(Courtesy of Arthur H. Thomas Company.) 


4. Place 0.25 ml. of serum in the tube. 

5. Add 0.05 ml. of antigen emulsion to each tube. 

6. Shake the tube on shaking machine (Fig. 350), or vigorously by hand for 5 
minutes. 

7. Centrifuge at high speed for 10 minutes 
(2000 r.p.m.). 

8. Add 1 ml. of saline (0.85 per cent). 

9. Resuspend by tapping bottom of tube gently 
and read. 

10. Those showing definite flocculation are re- 
ported as positive. Those showing no flocculation Fig. 349. Boerner test tube support. 
are reported as negative. Those showing indefinite (Courtesy of Arthur H. Thomas 
flocculation or questionable flocculation should be ©™P82y-) 
repeated and if a very weakly positive or doubtful 
reaction is obtained, it should be reporied as doubtful. In all such cases, the serum 
should be carefully examined for foreign particles before retesting. 
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Macroscopic Spinal Fluid Test. 1. Prepare emulsion of antigen in same manner 
as previously described, and dilute with an equal volume of 0.85 per cent saline. 

2. Place 1.0 ml. of spinal fluid in a Kahn tube or one of similar size. 

3. Heat at 56° C. for % hour, unless previously heated for other tests. 


i 


4. Add 0.05 ml. of antigen emulsion, and mix by 
gentle shaking. 

5. Incubate at 6° C. to 8° C. for 15 to 18 hours. 

6. Centrifuge 10 minutes at high speed (2000 r.p.m.). 

7. Resuspend by tapping bottom of tube gently and 
read the degree of flocculation as just described in the 
test with serum. 


EAGLE FLOCCULATION TESTS FOR SYPHILIS 

Preparation of Antigen. 1. Weigh 50 gm. of dried, 
powdered beef heart (Difco Laboratories). 

2. Transfer to a glass-stoppered, 1,000-ml. flask and Figs n2608 (Boatnerteehatina mace 
add 250 ml. of cold anesthetic ether. paratus, 

3. Extract at refrigerator temperature for 15 minutes (Courtesy of Arthur H. 
with frequent shaking. Thomas Company.) 

4, Filter rapidly by suction and discard the ether filtrate. 

5. Return the beef-heart powder to the flask and repeat the extraction and filtra- 
tion three additional times, using 250 ml. of cold ether each time. 

6. After the last extraction and filtration, wash the powder on the filter with 100 
ml. of fresh ether. 

-7. Spread the powder on a sheet of clean filter paper and allow to dry at room 
temperature until free of ether odor. 

8. Return the powder to a clean dry flask and add 250 ml. of absolute ethyl 
alcohol. 

9. Stopper tightly and extract for 5 days at 20° to 37° C. Shake the flask each day. 

10. Filter the alcohol extract into a graduated 250-ml. cylinder and wash the moist 
beef heart powder with portions of fresh absolute alcohol until the total volume equals 
250 ml. 

11. Transfer the alcoholic extract to a flask, stopper tightly, and chill to —10° to 
—25° C. Allow to remain at that temperature for 1 hour. 

12. Filter rapidly with suction and discard the flocculent precipitate. 

13. Add 6 mg. of cholesterol and 6 mg. of corn germ sterol to each milliliter of 
antigen. Solution of the sterols may be aided by warming in a water bath at 56° C. 

Antigen should be stored at room temperature in the dark in tightly stoppered 
containers. Check each lot of antigen with one of known reactivity by performing 
comparative tests on known negative, weakly positive, and strongly positive serums. 

Rectification of Antigen. If the antigen proves insensitive, or if negative results 
are granular in appearance, the antigen can sometimes be rectified by the following 
procedure (Table 65). 

1. Place 20 ml. of antigen extract (without cholesterol or corn germ sterol added) 
in a small evaporating dish. 
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2. Place the evaporating dish in a water bath at 56° C. and allow antigen to con- 
centrate to i0 ml. 

3. Transfer antigen to a small bottle and add 60 mg. each of cholesterol and corn 
germ sterol. Warm bottle in 56° C. water bath to aid solution of sterols. 


TABLE 65. A METHOD OF RECTIFYING EAGLE FLOCCULATION ANTIGEN. 


A. Preparation of Antigens with Varying Concentrations of Tissue Extractives. 


Antigen No. 


Doubly concentrated alcohol extract forti- 
fied with 0.6 per cent each of cholesterol 
AHO) (ovaal enone ioME | oo 6 ok ne ae 

Solution of 0.6 per cent cholesterol and 
0.6 per cent corn germ sterol in absolute 
Alcon lem tears ee owe ene etn 

Concentration of tissue extractives relative 
to original extract 


B. Method of Testing Rectified Antigens. 


Dilutions of positive in negative serum 


Antigen 


No. Remarks 


1:8 


ar a Negative reactions 
smooth. 

Negative reactions 
smooth (optimum 
mixture). 

Negative reactions gran- 
ular. 

Negative reactions gran- 
ular. 

Negative reactions gran- 
ular. 


4. Weigh 600 mg. each of cholesterol and corn germ sterol. Dissolve in 100 ml. of 
absolute alcohol. 

5. Dilute 1.6 ml., 1.2 ml., 1.0 ml., 0.8 ml. and 0.6 ml. of the concentrated antigen 
extract containing 0.6 per cent cholesterol and 0.6 per cent corn germ sterol with 0.4 
ml., 0.8 ml., 1.0 ml., 1.2 ml., and 1.4 ml. respectively of absolute alcohol containing 
0.6 per cent cholesterol and 0.6 per cent corn germ sterol. 

6. Prepare serial dilutions of a known positive serum in a known negative serum. 

7. Test each of the five antigens with these serum mixtures. That antigen which 
detects the smallest amount of syphilitic serum and which shows no evidence of aggre- 
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gation with negative serum represents the optimum ratio of extract to alcohol mixture. 

Preparation of Sera. 1. Remove sera from clots by centrifuging and pipetting or 
decanting. 

2. Heat sera in 56° C. water bath for 20 to 30 minutes or at 60° to 62° C. for 3 
minutes. 

3. Recentrifuge any specimen in which visible particles have formed during heating. 

Preparation of Spinal Fluids. 1. Centrifuge and decant all spinal fluids to remove 
cellular and particulate debris. (Grossly contaminated and bloody fluids are unsatis- 
factory for testing. ) 

2. Spinal fluids are examined without preliminary heating. 

Qualitative Tests. 1. Prepare primary antigen suspension as follows: 

(a) Pipet one volume (1, 2, or 3 ml.) of antigen into a 15-ml. bottle. 

(b) Blow two volumes (2, 4, or 6 ml. respectively) of 0.85 per cent sodium chloride 
solution into the bottle containing the antigen from a pipet which has a sufficiently 
large bore to make the admixture of antigen and saline rapid and complete. 

(c) Stopper the bottle containing the antigen suspension and place in the re- 
frigerator. 

(d) Age the primary antigen suspension in the refrigerator for 24 hours. The 
suspension is then usable for a period of 5 days, during which it must be kept 
refrigerated. 

2. Arrange test tubes (100 &* 13 mm. outside diameter) in suitable racks so that 
there is one tube for each serum and spinal fluid to be tested, and for positive serum, 
negative serum, and saline controls. Number the tubes to correspond to the identifying 
numbers of sera and spinal fluids. 

3. Pipet 0.4 ml. of each heated serum, control sera, and saline into correspondingly 
numbered tubes. 

4, Pipet 1 ml. of each spinal fluid into correspondingly numbered tubes. 

5. Prepare the secondary antigen suspension immediately before use as follows: 

(a) Calculate the amount of secondary antigen suspension required to allow 0.2 
ml. for each serum test and 0.1 ml. for each spinal fluid test. Allow a slight excess 
to compensate for loss in pipetting. 

(b) Prepare the secondary antigen suspension by blowing one volume of primary 
antigen suspension into eight volumes of 4 per cent sodium chloride solution. The 
following formulas are used to calculate the volume of primary antigen suspension and 
4 per cent sodium chloride solution needed to prepare the required amount of secondary 
antigen suspension. 

Volume of secondary antigen 


suspension required — Volume of primary antigen 
9 suspension to be used 


Volume of 4 per cent 
Volume of primary antigen suspension X 8 = sodium chloride 
solution to be used 


Example: 
63 ml. secondary antigen suspension required. 
63 ; , : ; 
Tey = 7 ml. primary antigen suspension required. 


7 ml. X 8 = 56 ml. 4 per cent sodium chloride solution required. 
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6. Add 0.2 ml. of the secondary antigen suspension to each serum and to the saline 
control, and 9.1 ml. to each spinal fluid. 

7, Shake tube racks for 5 minutes on a Kahn shaking machine. (The tests may be 
shaken vigorously by hand for 5 minutes and then placed in the 37° C. water bath for 
30 minutes when a Kahn shaking machine is not available.) 

8. Centrifuge all tubes at 1,500 to 2,000 r.p.m. for 10 minutes. 

9. Remove tubes from centrifuge and examine macroscopically before window or 
artificial light source, using a dark background. 

10. Read and record those reactions which are positive macroscopically as evi- 
denced by coarse aggregation of antigen particles suspended in a comparatively clear 
fluid. 

11. Examine the contents of each tube in which the aggregation is questionable or 
entirely lacking by pipetting a portion of the contents into a paraffin ring on a glass 
slide and observe microscopically. 

12. Read and record the reactions observed microscopically according to the 
following descriptive outline. 


ROSItIV CHa et aer re teen Definite clumping of antigen particles. 
Doubthulivey. ctr ees Slight clumping of antigen particles. 
INGPALIV Carer ere ae Absence of clumping, with uniform dis- 


tribution of antigen particles. 


13. Report recorded results in accordance with the following outline. 


MACROSCOPIC MICROSCOPIC 

READING READING BeOS 
Positive (Not made) Positive 
Questionable Positive Positive 
Questionable Doubtful Doubtful 
Negative Positive Positive 
Negative Doubtful Doubtful 
Negative Negative Negative 


Zonal reactions are rarely encountered in which strongly positive sera give a nega- 
tive result in the routine test with whole serum but which are strongly positive when 
serum is tested in serial dilution. When there is reason to suspect that such an inhibition 
of reaction has taken place, a 1:10 dilution of the serum in normal saline should be 
tested. 

Quantitative Tests. 1. Serum. Place decreasing amounts of serum into a series of 


tubes and adjust volumes to 0.4 ml. by the addition of 0.85 per cent saline solution 
as indicated: 


Rube MNOS skis ces eee eee 1 2 3 4 5 6 
WANS GSAT Vea oeseececacnc- 0:2 "Gel — — — — 
Le SBSSLUT eee ye rene eee ee — —- OO RZ 0.1 0.05 
0:85 permcentesaline =. nme see O.2 =<s0:3 — 0.2 0.3 0.35 
ine lecilUtiOnme ee neta ee Me 7p i er Is8> 1316. = 162s 


2. SPINAL FLum. Place decreasing amounts of spinal fluid in a series of tubes and 
adjust the total volume as indicated: 
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UDEMN OO, marae laa hoe 1 2 3 4 5 6 
Whole spinal fluid ........... Oy Os _- — — — 
GEE Goren yihtel oes OS ee ee _- — 0:5) O25 Ol 
O:85= percents saline. Oy O75 — 0.5 Og’ Ost 
inal arc hotionge eee ee PD els lg isl esi  ibe@’s 


3. Test each dilution of serum or spinal fluid in the same manner as in the 
qualitative tests. 

4. Record the reaction obtained with each dilution. 

5. Report results according to the highest dilution giving a positive reaction when 
the next highest dilution yields a negative finding. 


Example: 
SERUM DILUTIONS REPORT 
fe? 1:4 1:8 1316 AS? 1:64 
ae ai = ar — _ Positive, 1:16 dilution 
ar zm a _ ~ — Positive, 1:8 dilution 


When a positive reaction is followed by a doubtful in the next higher dilution, an 
interpolated calculation of titer is made. 


Example: 
SERUM DILUTIONS REPORT 
12 1:4 1:8 1:16 2 1:64 
ap =F ae sie ia _ Positive, 1:24 dilution 
+ = ais == — = Positive, 1:12 dilution 
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Glassware and Solutions. 1. Test tubes, 100 * 114% mm. outside diameter. 

2. Flasks, Erlenmeyer, 125 ml. or 250 ml., with inverted V-shaped ridge in bottom 
that produces two semicircular compartments (Fig. 351). 

3. Sodium chloride solution, 5 per cent. (a) Weigh 5 gm. of previously dried 
sodium chloride (A.C.S.). (6) Add sodium chloride to 100 ml. of freshly distilled water 
and heat solution in an autoclave at 15 pounds’ pressure for 15 minutes. (c) Store 
salt solution in glass-stoppered bottles at room temperature. 

4, Sodium chloride solution, 0.85 per cent. Add the required amount (8.5 gm. to 
each liter) of dried sodium chloride to freshly distilled water. This solution need not 
be heated and should be prepared on the day used. 

5. Glycerin solution, 50 per cent. Mix equal volumes of Baker and Adamson’s 
glycerin (reagent) and distilled water. This solution keeps indefinitely. 

Preparation of Antigen (Indicator). 1. Weigh 100 gm. of beef-heart powder 
(Difco Laboratories) and transfer to a 1 liter glass-stoppered Erlenmeyer flask. 

2. Add 400 ml. pure anesthetic ether and shake thoroughly by hand for 10 minutes. 

3. Allow powder to settle, then pour off ether through filter paper, discarding this 
and all subsequent ether extractions. 

4. Scrape moist powder from filter paper and return to original flask. Do not allow 


main portion of extracted tissue to dry between extractions. 
5. Add 400 ml. of anesthetic ether to the moist powder and repeat extractions as 


before. 
6. Repeat ether extractions for a total of five times. 
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7. Remove powder from flask, dry at room temperature until ether-free, and 
weigh. 

8. Place dry powder in a glass-stoppered bottle and add 95 per cent ethyl alcohol 
(5 ml. of alcohol for each gram of powder). 

9. Extract for 3 days at room temperature, shaking contents of flask vigorously 
by hand three times each day. 


10. Filter alcoholic extract through fat-free 
paper into a glass-stoppered flask. 

11. Add 0.4 gm. of cholesterol (Merck’s C.P.) 

. to every 100 ml. of alcoholic extract. 

12. Warm cholesterolized alcoholic extract in 
a 37° C. water bath until the cholesterol is in 
solution. This solution is referred to as stock 
indicator and should be stored at room tempera- 
ture. 

13. Stock indicator should be tested against 
an indicator found to be wholly satisfactory as 
determined by both clinical and serologic means. 

Preparation of Glycerinated Antigen (In- 
dicator). 1. Pipet one part of Hinton indicator 
into one compartment of a Hinton flask. Not 
less than 1 ml. nor more than 5 ml. of Hinton 
indicator should be mixed at one time. 

2. Pipet 0.8 part of 5 per cent sodium chloride 
solution into the other compartment of the flask. 
Care should be used in pipetting the salt solution 
into the flask in order to avoid premature mixing 
Fig, 351. Special flask for diluting anti- of the solutions. 

gen for the Hinton test. 3. Mix contents by shaking the flask very 

rapidly from side to side for exactly 1 minute. 

4. Let the mixture stand exactly 5 minutes. 

5. Add 13.2 parts of 5 per cent sodium chloride solution and shake flask vigorously. 

6. Add 15 parts of 50 per cent glycerin solution and shake flask until the sus- 
pension is homogeneous. 

7. Store in a glass-stoppered bottle or flask in the refrigerator. This suspension, 
referred to as glycerinated indicator solution, remains usable for at least 3 weeks. 

Preparation of Cardiolipin-Lecithin Antigen (Indicator). This is prepared by 
mixing 0.7 ml. of cardiolipin solution (8.92 mg. per ml.), 1.0 ml. of lecithin solution 
(30.91 mg. per ml.) and 2.5 ml. of cholesterol solution (4.0 mg. per ml.). 

Preparation of Sera. 1. Remove sera from clots by centrifuging and pipetting or 
decanting. 

2. Heat the sera in the 56° C. water bath for 30 minutes. Sera should not be 
heated before the day of testing. If it is necessary to retest a specimen, use serum 
freshly separated from the clot, if available. 

3. Recentrifuge any specimen in which visible particles have formed during 
heating. 


HINTON FLOCCULATION TESTS FOR SYPHILIS 865 


For the Davies-Hinton micro flocculation test sera are prepared as follows: 1. Col- 
lect blood in glass tubes (80 & 2.5 mm.). 

2. Remove cap from one end of tube and use a wire to loosen clot from side of 
tube. 

3. Place capped blood-collection tube into a labeled 13 & 100 mm. test tube and 
centrifuge at high speed for 10 minutes. Recentrifuge if serum is not well separated. 

4, Add water to 13 & 100 mm. test tubes containing capped blood-collection tubes 
(clot downward) and place in 56° C. water bath for 30 minutes. 

5. Remove tubes from water bath and discard water from test tubes. 

6. Remove cap from serum end of collection tube and notch tube with a glass file 
just above junction of clot and serum. 

7. Hold the collection tube horizontally, break it, and discard part of tube con- 
taining clot. 

Preparation of Spinal Fluids. Centrifuge and decant spinal fluid. Fluids which 
are visibly contaminated with bacteria are unsatisfactory for testing. A bloody spinal 
fluid may be tested after being cleared by centrifuging but should be reported as 
unsatisfactory for testing if a positive reaction is produced. 

Standard Tests With Serum. 1. Arrange test tubes (100 X 11% mm. O. D.) in 
suitable racks so that there is one tube for each serum to be tested and for positive and 
negative serum controls. Number tubes to correspond to the identifying numbers of 
sera. 

2. Pipet 0.5 ml. of each heated serum into its corresponding tube. Occasionally 
very strongly positive sera will elicit a negative reaction when 0.5 ml. of serum is 
employed as the testing quantity. When this type of reaction is suspected, 0.1 ml. 
serum should also be tested in addition to the 0.5-ml. quantity of serum. 

3. Pipet 0.5 ml. of the glycerinated Hinton indicator into each serum tube. Flask 
containing glycerinated Hinton indicator should be shaken when taken from refrig- 
erator. Remove quantity of glycerinated indicator needed and return flask to cold 
storage immediately. 

4. Shake racks of tubes by hand until visual inspection indicates that sera and 
glycerinated indicator are well mixed. 

5. Shake rack of tubes on Kahn shaking machine for 5 minutes. 

6. Remove the rack from the shaking machine and place in 37° C. water bath 
for 16 hours. The water bath must be uncovered during this period. The bath should 
be equipped with maximum and minimum thermometers, and the temperature should 
not fall below 34° C. nor rise above 39° C. for reliable tests. 

7. Place a shaded cylindrical fluorescent (daylight) lamp 18 or more inches long 
in front of a darkened background. The lamp tube should be slightly above the level 
of the eyes. 

8. Remove each tube from the rack carefully without disturbing contents. 

9. Hold the tube at a 45° angle, at eye level, close to lamp shade. 

10. Look for clarification of the fluid and for presence or absence of a ring of 
white flakes or white coarse granules at the meniscus. 

11. Lift the tilted tube slightly above eye level and look through it towards the 
darkened background to determine the presence or absence of flocculation. 

12. Report findings as follows: 
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Rositivie seer White flakes or white coarse granules at the meniscus, and 
definite flocculation when tubes are gently shaken. 
Negative ...... Absence of ring or band of floccules, and no flocculation or 


granularity when tubes are gently shaken. Hemolyzed or 
bacterially contaminated serums frequently produce a whitish 
ring which is strongly adherent to the tube. 


13. Centrifuge all tubes in which clear-cut negative or positive readings cannot 


be made at 2,000 r.p.m. for 5 minutes. 
14. Remove tubes from centrifuge and read reactions as previously described. 


15. Report findings as follows: 


Doubtiule +. -: Those reactions demonstrating coarse granulation at the 
meniscus, and definite flocculation when tubes are gently 
shaken. 

Negative rien: All specimens failing to react as just described under “Doubt- 
ful.” 


16. Report those specimens as “unsatisfactory” which are hemolyzed or bacterially 
contaminated, unless the reaction is strongly positive. 

Rapid Test with Serum. 1. Heat fresh serum for 3 minutes at 60° C. 

2. Arrange test tubes (100 « 1144 mm. O.D.) in suitable racks so that there is 
one tube for each serum to be tested and for positive and negative serum controls. 

3. Pipet 0.5 ml. of serum to be tested into properly numbered test tubes. 

4, Add 0.5 ml. of glycerinated indicator to each serum tube and shake on shaking 
machine for 10 minutes, after preliminary hand shaking, to mix contents of tubes. 

5. Remove rack of tubes from shaking machine and place in the 37° C. water bath 
for 20 minutes. 

6. Remove tubes from water bath and centrifuge at 2,000 r.p.m. for 10 minutes. 

7. Remove tubes from centrifuge without agitating contents. 
8. Report observed results as follows: 


Positive . .... Plainly visible flakes at the meniscus, and well-marked floccu- 
lation when tubes are gently shaken. 
Negative ...... Absence of ring or band of floccules at the meniscus, and no 


flocculation when tubes are gently shaken. 
Unsatisfactory . Those specimens hemolyzed or bacterially contaminated 
unless the reaction is strongly positive. 


>) 


9. Results may be checked by placing the tubes in the refrigerator until they can 
be placed in a 37° C. water bath for 16 hours and then reread. 

Davies-Hinton Microflocculation Test with Serum. 1. Transfer each serum to 
two glass (80 & 2.5 mm.) collection tubes. One tube should contain a column of serum 
about 2.5 cm. in length and the other a column 0.5 cm. to 1.0 cm. long, 

2. Add to the tube containing the 2.5 cm. column an amount of glycerinated 
Hinton indicator equal to the amount of serum in the tube. Use capillary pipet for 
indicator. Care should be taken not to allow air to separate serum and indicator. 

3. Add an amount of glycerinated Hinton indicator equal to approximately five 
times the amount of serum contained in the second tube (0.5 cm. to 1.0 em. column 
of serum). 

4. Mix the serum and Hinton indicator in each tube by tilting the liquid toward 
alternate ends of the tube 10 times, 
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5. Cap both ends of the two collection tubes and place them in test tubes (13 & 100 
mm.) that are identically numbered. 

6. Fill test tubes containing capped collection tubes with water and place in 
37° C. water bath for 16 hours. 

7. Remove tubes from water bath, pour water from test tubes, and centrifuge test 
tubes containing capped collection tubes for 5 minutes at approximately 2,000 r.p.m. 

8. Read results under the low power objective of the microscope, with only enough 
light so that aggregates at the meniscus are readily visible. The stage of the micro- 
scope should be tilted approximately 30° from horizontal and the tube should be 
placed under the lens with the meniscus uppermost. 

9. Observe the degree of clumping, if any, at the meniscus, and report results as 
follows: 


ROSitive senna Definite, discrete, compact clumps at the meniscus in either 
tube. (Gentle thumping of the tube may help float clumps 
into view.) 

Negative ...... No clumps visible in either tube. Amorphous, cloudy, granu- 


lar particles at the meniscus are also interpreted as negative. 


Doubtful ...... Few small clumps at the meniscus of either tube. In such 
instances, clumps should be redispersed by thumping the tube 
with a finger and the tube recentrifuged for 3 minutes. The 
test is reported doubtful if small clumps are again visible 
at the meniscus, but positive if large, compact clumps are 
then present in either tube. 


Quantitative Serum Test. Negative serum is used as a diluent. This may be pooled 
from the previous day’s testing. However, if a considerable number of quantitative 
tests are to be done, it is desirable to use Seitz-filtered negative serum which has been 
merthiolated with a 1:500 solution of merthiolate at the rate of 5 ml. per 100 ml. of 
the pooled serum. 

1. Set up a row of dilution tubes (100 & 11) mm. O.D.) numbered from 2 to 10, 
and add 1.5 ml. of negative serum to tube 2, 1 ml. to tubes 3, 4, and 5, 0.5 ml. to tubes 
6, 7, 8, and 9, and 1 ml. to tube 10. 

2. Add 1.0 ml. of the patient’s serum to tube 2. 

3. Mix and transfer 1.0 ml. from tube 2 to tube 3. Continue this procedure 
through tube 10. This results in the following approximate dilutions: 1:2.5, 1:5, 1:10, 
1:20, 1:30, 1:45, 1:67, 1:100, 1:200. 

4, Set up a series of six testing tubes (100 11/4 mm. O.D.) numbered 1, 2, 3, 
4, 5, and 10, and pipet 0.5 ml. of the patient’s serum into tube 1. 

5. Transfer 0.5 ml. diluted serum from dilution tubes 2, 3, 4, 5, and 10 to testing 
tubes of the same number. As dilution tubes 6, 7, 8, and 9 contain only 0.5 ml. of 
diluted serum, they become a part of the testing tube series completing the sequence 
from 1 to 10. 

6. Add 0.5 ml. glycerinated indicator to each tube and shake by hand to insure 
adequate mixing of serum and indicator. 

7. Shake rack of tubes on Kahn shaking machine for 5 minutes. 

8. Place rack of tubes in uncovered, 37° C. water bath for 16 hours. 

9. Report results in terms of the greatest serum dilution that produces a positive 
reaction, i.e., positive in 1:8 dilution, positive in 1:16 dilution, etc. 
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Davies-Hinton Spinal Fluid Test. Prepare the following reagents: 

1. Sodium chloride solution, 3.0 per cent. Add the required amount (3 gm. to each 
100 ml.) of dry sodium chloride to freshly distilled water. This solution should be 
prepared on the day used. 

2. Hinton negative human serum. Select one or more clear Hinton-negative sera 
and retest in accordance with the “Rapid Test” employing the following two indicated 
quantities: 

Tube 1: 0.5 ml. serum and 0.5 ml. glycerinated Hinton indicator. 
Tube 2: 0.1 ml. serum and 0.5 ml. glycerinated Hinton indicator. 

When large numbers of spinal fluids are tested, it is convenient to pool Seitz filter 
and merthiolate (1:10,000) sera and then to perform rapid Hinton tests as just de- 
scribed. Store tested serum at 8° to 10° C. for not more than 3 weeks. Avoid the use 
of cloudy serum. 

3. Gum acacia, 20 per cent solution. 

(a) Place 20 gm. of white, powdered gum acacia (U.S.P.) in a 4 ounce bottle. 

(6) Add 100 ml. of 3 per cent salt solution. 

(c) Place bakelite cap on bottle loosely (do not screw cap on). 

(d) Place bottle in the autoclave and heat at 15 pounds’ pressure for 15 minutes. 

(e) Remove bottles from autoclave, screw cap on tightly, shake well to completely 
dissolve the acacia, and maintain in a sterile condition. 

4. For every 10 spinal fluids to be tested mix 5 ml. Hinton negative serum with 5 
ml. 20 per cent gum acacia solution. 

5. Perform a rapid test as follows: 

(a) Into a test tube (100 & 114% mm. O.D.) pipet 0.6 ml. of 0.85 per cent sodium 
chloride solution, 0.2 ml. of freshly mixed acacia-serum mixture, 0.2 ml. glycerinated 
Hinton indicator, and mix well by shaking. 

(6) Place tube in a 37° C. water bath for 30 minutes. 

(c) Centrifuge tube at 2,000 r.p.m. for 5 minutes. 

(d) A satisfactory acacia-serum mixture yields a negative reaction. 

6. Arrange test tubes (100 & 1114 mm. outside diameter) in racks so that there 
are 4 tubes (one behind the other) for each spinal fluid to be tested and for positive 
and negative spinal fluid controls. Number tubes to correspond to the identifying 
number of each fluid. 

7. Pipet 0.6 ml. of each spinal fluid into the correspondingly numbered tube in the 
first row, 0.4 ml. into the tube in the second row, 0.2 ml. into the tube in the third row, 
and 0.1 ml. into the tube in the last row. 

8. Add 0.2 ml. of acacia-serum mixture to every tube. 

9. Add 0.2 ml. of glycerinated Hinton indicator to every tube. 

10. Shake racks of tubes vigorously until contents become completely homo- 
geneous. 

11. Place racks of tubes in a 37° C. water bath for 16 hours. 

12. Remove all tubes from water bath and centrifuge ai 2,000 r.p.m. for 5 minutes. 

13. Remove tubes from centrifuge gently, without disturbing contents. 

14. Before a suitable artificial light, tap each tube gently at the base while holding 
it near the top. 

15. Report as positive all spinal fluids that show definite floccules, dispersing 
downward from the meniscus, in any of the four tuhes. 
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16. Recentrifuge all other tubes at 2,000 r.p.m. for 5 minutes. 


17. Remove tubes from the centrifuge and reexamine with tapping as previously 
described. 
18. Report as follows: 


Positively." 2 0. Definite floccules dispersed downward from the meniscus in 
one or more of the four tubes. 

Doubtful ...... Questionable flocculation in any tube. 

INGo alti Vem e ae Absence of flocculation and a ground-glass appearance in all 
tubes. 
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Glassware and Apparatus. (a) Test tubes 75 < 12 mm. outside diameter; (0) 
Kahn pipets to deliver 0.25 ml. graduated in 0.0125 ml. for antigen suspension; 
(c) 1.0 ml. pipets graduated in 0.01 ml.; (d) vials, 55 & 15 mm. inside diameter with 
flat bottoms; (e) test tube racks 11.5 inches long, 3 inches wide, and 2.75 inches high. 
The latter are constructed with 3 shelves, the upper and middle ones with 3 rows of 10 
holes, each 0.5 inches in diameter. The center row of holes is offset 1 inch from the 
bottom and back rows; (f) mechanical shaker (Fig. 352). 


Fig. 352. Kahn shaking apparatus. 
(Courtesy of Arthur H. Thomas Company.) 


Preparation of Standard Antigen. 1. Weigh 100 gm. of powdered beef heart 
(Difco Laboratories) and place in a 1 liter Erlenmeyer flask fitted with a tinfoil cork 
or glass stopper. 

2. Add 400 ml. of anesthetic ether. 

3. Stopper the flask and shake at frequent intervals for 10 minutes. 

4. Place filter paper in a Buchner funnel, fitted to a sidearm filter flask by means 
of a one-hole rubber stopper. 

5. Pour the contents of the 1 liter extraction flask into the funnel and filter rapidly 
by suction. 

6. Transfer the moist beef heart to a sheet of filter paper. 

7. Break the material into small pieces and return immediately to the 1 liter ex- 
traction flask. 

8. Add 300 ml. of ether to the flask, stopper, and shake at frequent intervals for 


10 minutes. 
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9. Pour the contents of the flask into the funnel, using a fresh filter paper, and 
filter by suction. 

10. Again transfer the moist beef heart to a sheet of filter paper. 

11. Break the material into small pieces and return immediately to the extraction 
flask. 

12. Repeat steps 8, 9, and 10 for a total of four ether extractions. 

13. Spread the moist beef heart on a clean sheet of filter paper and dry with the 
aid of a spatula until the powder is free of ether odor. 

14. Invert the flask in which the ether extraction was carried out until the ether 
odor has disappeared. 

15. Weigh the dried, ether-free powder and return to the flask. 

16. Add 5 ml. of 95 per cent alcohol for each gram of powder. 

17. Stopper the flask and shake intermittently for 10 minutes. 

18. Allow to stand for 3 days at room temperature (about 21° C.) in the dark. 

19. Shake flask intermittently for 10 minutes and filter contents. Refilter, if neces- 
sary, to remove all visible particulate material. 

20. Weigh, on an analytical balance, 6 mg. of cholesterol per milliliter of alcoholic 
extract antigen. 

21. Transfer cholesterol to a glass-stoppered bottle or Erlenmeyer flask, of suit- 
able size. 

22. Add the proper amount of alcoholic extract, measured with a graduated 
cylinder of suitable size. 

23. Tightly stopper flask and place in a warm water bath to hasten solution of 
the cholesterol, shaking flask intermittently. 

24. After cholesterol is entirely dissolved, allow antigen to cool to room tempera- 
ture, and filter through fat-free paper. 

25. Store at room temperature in the dark. 

Preparation of Cardiolipin Antigen. This consists of cardiolipin (0.1 per cent), 
purified lecithin (1.0 per cent), and cholesterol (0.025 per cent) in absolute alcohol. 
This formula may not exactly be applicable to all lots of lecithin and cardiolipin but 
it provides a workable base from which small variations in the lecithin to cardiolipin 
ratio will be sufficient to render different lots of these reagents into suitable antigens. 

Standardization of Antigen. 1. Measure with a 1.0-ml. or 2.0-ml. pipet (gradu- 
ated in 0.01 ml.) 0.9, 1.1, 1.3, 1.5, 1.7, and 1.9 ml., respectively, of 0.9 per cent salt 
solution into six antigen suspension vials with flat bottoms, 55 & 15 mm. inside 
diameter. 

2. Measure with a 1.0 ml. pipet into each of six similar vials 1 ml. of the 0.6 per 
cent cholesterolized antigen to be titrated (a standard antigen control should be set 
up at the same time at the titer indicated on the label). 

3. Prepare antigen suspensions by mixing the 1 ml. quantities of antigen with the 
varying amounts of salt solution. Empty the salt solution into the antigen and as 
rapidly as possible (without waiting to drain the tube) pour the mixture back and 
forth 12 times. Permit the mixture to stand for 30 minutes instead of the usual 10 
minute period. 

4. Test for the dispersibility in salt solution of the lipid aggregates present in the 
antigen-salt solution suspensions as follows: 

(a) Set up seven series of three test tubes each. 
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(5) Pipet 0.05, 0.025, and 0.0125 ml. quantities of each of the six antigen sus- 
pensions (after thorough agitation) to the bottom of the tubes, in series, using a 0.25 
ml. antigen pipet. A different pipet should be used for each antigen suspension. 

(c) With a 1 ml. pipet, add 0.15 ml. salt solution to each of the 21 tubes. 

(d) Shake the rack of tubes vigorously for 10 seconds by hand and then for 3 
minutes in a shaking machine at a speed of 275 to 285 oscillations per minute. 

(e) Add 1 ml. salt solution to the tubes containing the 0.05 ml. amounts of 
antigen suspension, and 0.5 ml. to the remaining tubes. Shake the rack by hand to 
mix the ingredients and observe whether the mixtures are opalescent or contain ag- 
gregates. 

5. A typical titration may show cloudiness in the 3-tube test containing the 
antigen suspension which was prepared with 0.9 ml. and with 1.1 ml. of salt solution. 
These suspensions contain aggregates which were not completely redispersed in salt 
solution. The tests containing the antigen suspension which was mixed with 1.3 ml. of 
salt solution may appear opalescent, exactly like the standard antigen control. The 
other three tests with antigen suspensions containing 1.5, 1.7, and 1.9 ml. of saline 
may appear clearer than the control. In this case the titer of the antigen would be 1 
ml. of antigen plus 1.3 ml. of salt solution, 7.e. 1.3 ml. is the smallest amount of salt 
solution which, when added to 1 ml. of antigen, produces aggregates capable of com- 
plete dispersion upon the further addition of salt solution. The following tabulation 
illustrates a typical antigen titration. The “normal” range of titers for standard 
antigen may vary from 1 + 1.1 to 1 + 1.5. A typical titration is as follows: 


ANTIGEN + 0.9- 


PER CENT 
SALT SOLUTION 
(ML.) APPEARANCE OF MIXTURE 
POLO) Sas Scorch Sn Ae nRAMea Cloudy, nondispersible aggregates. 
1 De ae Reacts Shawne cae eee Slightly cloudy, fine, nondispersible aggregates. 
Leta OR te ne ter eee, cence Opalescent (titer). 
Petal Beene a eae. aioe eee: Slightly clearer. 
Teh tS Sectee Ss eh by Rar in dr aera Too clear. 
iLO SRW yoke et ia Aiea Zam oe Almost water clear. 
CONTROL 
TE ree pe Demeie  eEaae Opalescent. 


6. Antigen suspensions made with progressively increasing volumes of salt solution, 
i.e. 0.9, 1.1, 1.3, 1.5, 1.7, and 1.9 ml., usually show a correspondingly progressive in- 
crease in the clarity of mixtures of antigen suspension and salt solution. Rarely, how- 
ever, an antigen suspension will show a “titration zone.” That is, cloudiness and 
nondispersible aggregates may appear again beyond the titer, for example, in the 
tubes containing 1.7 ml. or 1.9 ml. of salt solution. This factor indicates that this par- 
ticular antigen has a very short workable range and it is best not to employ this 
antigen for general use. 

7. After the titer of an antigen has been established, the next step is to determine 
whether the sensitivity and specificity of the antigen are comparable to those of 
standard antigen. This is accomplished by testing a number of sera simultaneously 
with the antigen in question and a standard antigen. 

8. For a comparison test a series of sera with graded reactivities may be prepared 
from pooled, Seitz-filtered, positive and negative sera by combining selected propor- 
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tions of these sera so that the desired number of strongly and weakly reacting speci- 
mens are obtained. These prepared specimens may be used for all preliminary testing 
but only selected individual sera are adequate for final checking of antigen activity. 
All sera should be heated before being used. 

9. Prepare antigen suspensions with both antigens in accordance with their re- 
spective titers. After both antigen suspensions have stood for 10 minutes, conduct 
tests with at least 10 sera. If identical reactions are obtained with both antigen sus- 
pensions, final checking may be accomplished. 

10. For final checking obtain at least 50 sera that show varying degrees of re- 
activity in the Kahn test and 50 negatively reacting sera. Perform tests, using both 
antigen suspensions simultaneously. 

11. Each serum should be tested with both antigens in the same rack so that time 
factors will be constant. Two readings must be made in each instance where recordable 
reactions are observed during the first reading. The two readings are necessary since 
some antigens that produce standard first readings may allow readable particles to 
redisperse at a rate different from that of standard antigen. In this instance the final 
report on a given specimen could be less or greater than that obtained with standard 
antigen. If the results produced by the new antigen are equal to those of the standard 
antigen, the newly prepared antigen may be considered to have standard reactivity. 

12. However, the sensitivity of newly prepared antigen may be greater or less than 
that of standard antigen. In either case correction to standard requirements can usually 
be accomplished as follows: 


ANTIGEN REACTIVITY METHOD OF ADJUSTMENT 


Less sensitive than standard .......... 1. Addition of cholesterolized alcohol. 

2. Addition of sensitizing reagent. 

3. Addition of sensitizing reagent plus 
cholesterolized alcohol. 

4. Addition of Bacto-Kahn undersensitive 
correction solution. 

5. Addition of an oversensitive antigen. 

6. Decreasing the amount of salt solution 
in antigen suspension. 


More sensitive than standard ......... 1. Reducing the amount of cholesterol. 
2. Addition of cholesterolized alcohol. 
3. Addition of an undersensitive antigen. 
4. Increasing the amount of salt solution 


in antigen suspension. 

5. Addition of Bacto-Kahn oversensitive 
correction solution. 

6. Concentration of lipids. 


Cholesterolized alcohol is prepared as follows: To 100 ml. of 95 per cent alcohol 
in a 250-ml. glass-stoppered Erlenmeyer flask or bottle add 600 mg. of cholesterol. 
Rotate the flask in a warm water bath until all cholesterol is dissolved. Filter when 
cool. 

Sensitizing reagent is prepared as follows: (a) Refilter the ether filtrate, obtained 
in the preparation of antigen, to remove the traces of powdered muscle, and then 
evaporate the ether with the aid of an electric fan. During the evaporation period a 
few milliliters of water may condense in the evaporating dish. This water will 
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appear at the bottom of the evaporating dish, and it is suggested that it be removed 
with a capillary pipet as it is formed, to avoid emulsification of the lipids. The lipid 
residue is brownish, semitransparent and viscous. 

(5) When the volume has been reduced to a point where ether odor is no longer 
detectable, the residue is transferred to a suitable glass-stoppered container and 
weighed. 

(c) A volume of absolute alcohol equivalent to 10 ml. per gm. of residue is added 
to the flask. 

(d) Extraction is allowed to take place for 30 minutes at room temperature with 
frequent shaking of the flask. Comparatively little of the residue is soluble in alcohol, 
lipid masses being distributed throughout the mixture. 

(e) The mixture is placed in the refrigerator (4° to 9° C.) for 3 hours. 

(f) The mixture is filtered while cold and the flask containing the clear filtrate 
placed in the incubator at 37° C. for 24 hours. 

(g) The clear filtrate should stand for 3 days at room temperature. If a precipitate 
forms during this period the solution is refiltered. 

(h) The filtrate is cholesterolized with 6 mg. cholesterol per milliliter, according 
to the usual technic. 

(i) The cholesterolized extract, known as sensitizing reagent, is filtered and is 
then ready for use. It should be kept in the dark at room temperature. 

13. Correction of antigens more sensitive than standard may be accomplished: 

(a) By increasing slightly the amount of salt solution in the antigen suspension 
beyond requirement of titer. Antigens which are just slightly oversensitive may be 
brought to the standard level of sensitivity by increasing slightly the amount of salt 
solution in the antigen suspension beyond the requirements of the titer, provided the 
negative reactions do not appear too clear. As an example, a slightly oversensitive 
antigen requiring a titer of 1 + 1.3 may give results comparable with standard antigen 
at a titer of 1 + 1.35 or 1+ 1.4. 

(6) By mixing the oversensitive antigen with a low-titered, undersensitive antigen: 

(1) Add equal amounts of the oversensitive and undersensitive antigens (for 
example, 10 ml. each) to a small bottle, mix well and titrate. 

(2) Set up preliminary comparative tests at the determined titer, using a standard 
antigen as control. 

(3) If results are comparable, final checking may be accomplished. 

(4) If antigen reactivity is not equal to that of the standard antigen, try different 
proportions of the two antigens. 

(5) Final checking should be done after the entire lot of antigen has been cor- 
rected. 

(c) By reducing the amount of cholesterol from the usual 0.6 per cent to 0.5 per 
cent or 0.4 per cent: 

(1) To one % oz. bottle add 10 ml. of 0.6 per cent cholesterolized antigen and 2 
ml. of noncholesterolized antigen, making a 0.5 per cent cholesterolized antigen. To 
another 14 oz. bottle add 8 ml. of 0.6 per cent cholesterolized antigen and 4 ml. of 
noncholesterolized antigen, making a 0.4 per cent cholesterolized antigen. Titrate 
these two samples. 

(2) Perform comparative tests using the titers obtained and a standard antigen 


as control, 
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(3) If either the 0.4 per cent or 0.5 per cent cholesterolized antigens give results 
comparable with standard antigen, perform additional tests and adjust the entire 
amount of antigen to contain the proper amount of cholesterol. 

(4) Recheck a sample of the entire lot after it has been corrected before declaring 
the antigen standard. 

(d) By concentrating the lipids in the antigen: oversensitive antigens which re- 
quire more correction than a titer adjustment occasionally can be corrected by con- 
centrating the lipids as follows: 

(1) Into a small evaporating dish measure 1 ml. of the oversensitive antigen in a 
noncholesterolized state. 

(2) Evaporate to dryness by means of an electric fan. 

(3) Dissolve the residue in a 10 ml. amount of cholesterolized antigen. The modi- 
fied antigen thus formed contains 10 per cent more extract lipids than the original 
antigen. Titrate antigen. 

(4) Test this antigen with 10 sera, most of which are known to give weakly posi- 
tive reactions, employing standard antigen as a control. 

(5) If the modified antigen, in which the increase in concentration of lipids is 10 
per cent, gives the same results with sera as does standard antigen, the entire amount 
of oversensitive antigen may be adjusted and submitted to final checking. 

(e) By the addition of correction solution to the antigen: the addition of 1 per 
cent to 5 per cent of the stock Kahn oversensitive correction solution may be sufficient 
for the correction of oversensitive antigens to standard sensitivity. 

(f) By dilution with cholesterolized alcohol. 

14. Correction of antigens less sensitive than standard may be accomplished: 

(a) By decreasing the amount of salt solution in antigen suspension below re- 
quirement of titer. Antigens which are just slightly undersensitive may be brought to 
the standard level of sensitivity by decreasing the amount of salt solution in the antigen 
suspension by 0.05 ml. or 0.1 ml. providing the negative reactions are of standard 
opalescence. 

(6) By dilution of antigen with cholesterolized alcohol: 

(1) To a % oz. bottle add 10 ml. of the undersensitive antigen (0.6 per cent 
cholesterolized) and 1 ml. of the 0.6 per cent cholesterolized alcohol; to another 
Y oz. bottle add 10 ml. of the 0.6 per cent cholesterolized alcohol and 2 ml. of 0.6 
per cent cholesterolized alcohol—thus making 10 per cent and 20 per cent dilutions, 
respectively. Titrate these antigens. 

(2) Perform comparative tests with weakly positive sera using standard antigen 
simultaneously as a control. 

(3) If neither 10 per cent nor 20 per cent dilution with cholesterolized alcohol 
brings the antigen to standard sensitivity, try other dilutions not exceeding 30 per cent. 

(c) By the addition of correction solution to the antigen. The addition of 1 per 
cent to 5 per cent of the stock Bacto-Kahn undersensitive correction solution may 
be sufficient to correct undersensitive antigens to standard sensitivity. 

(d) By the addition of sensitizing reagent to the antigen. Some undersensitive 
antigens can be brought to the standard level of sensitivity by the addition of a trace 
of sensitizing reagent, i.e. 0.2 per cent to 0.7 per cent. In some cases, sensitizing 
reagent in addition to dilution with cholesterolized alcohol is necessary. 

(e) By mixing of undersensitive with an oversensitive antigen. This method is 
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essentially the same as described for the correction of an oversensitive antigen by 
mixing with an undersensitive one. 

Preparation of Sera. 1. Remove sera from clots by centrifuging and pipetting or 
decanting. 

2. Heat sera in 56° C. water bath for 30 minutes. After removal from the water 
bath, sera should be allowed to remain at room temperature for at least 10 minutes so 
that all specimens will return to room temperature before being tested. When re- 
examination of the specimen is required, the serum is reheated for 10 minutes if 
retesting is accomplished within 2 to 24 hours of the initial heating period, or for 15 
minutes if the retesting is done more than 24 hours after the initial heating period. 

3. Recentrifuge any specimen in which visible particles have formed during heating. 

Preparation of Spinal Fluids. 1. Centrifuge and decant all spinal fluids to re- 
move cellular debris and particles. 

2. Pipet 1.5 ml. of the spinal fluid into a Kahn test tube. 

3. Add 1.5 ml. of saturated solution of ammonium sulfate to the 1.5 ml. of spinal 
fluid. 

Prepare the ammonium sulfate solution as follows: (a) to 500 gm. of reagent 
quality ammonium sulfate add 500 ml. of doubly distilled water in a clean 3 to 5 liter 
Pyrex flask. (6) Bring contents to boil and continue boiling until solution becomes 
clear. (c) Allow solution to cool to room temperature. (d) Filter solution through 
paper. (e) Store in glass-stoppered bottle at room temperature. 

4. Place thumb (protected with rubber) over mouth of tube and shake vigorously 
to mix contents. 

5. Place mixture in a 56° C. water bath for 15 minutes, to hasten precipitation 
of the globulin. 

6. Remove tube from water bath and centrifuge tube at 2,000 r.p.m. for 15 
minutes. (The globulin precipitate will be found packed at the bottom of the tube.) 

7. Decant and discard supernatant fluid. 

8. Drain inverted tube for 10 minutes on filter paper and use a strip of filter 
paper to remove any remaining drops of supernatant fluid. 

9. Add 0.15 ml. saline to centrifuged globulin precipitate, holding point of pipet 
close to bottom of tube to avoid washing down any ammonium sulfate that may be 
adhering near the mouth of tube. 

10. Tap base of tube gently to redissolve the globulin. When the globulin does 
not completely dissolve in 0.15 ml. of saline, add 0.05 ml. more saline and shake tube 
gently. If globulin is still insoluble repeat with 0.05 ml. additional saline. In rare 
instances, the globulin will still be incompletely soluble. Then the clear globulin solu- 
tion is separated from the insoluble protein by centrifuging. If centrifuging does not 
lead to a clear supernatant fluid, a trace of talc or kaolin is then added to the mixture 
and tube is recentrifuged. The clear supernatant fluid (which is the globulin solution) 
is removed and is then ready for testing with the antigen suspension. 

Standard (Qualitative) Test with Serum. 1. Arrange test tubes in racks so that 
there are three tubes for each serum to be tested, including positive serum, negative 
serum, and saline controls. Number the first row of tubes to correspond to the sera 
being tested. 

2. Prepare standard antigen suspension as follows: (a) Measure into an antigen 
suspension vial the amount of saline, according to titer, required for the given amount 
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of antigen. The titer on the bottle of the antigen will state the amount of saline that 
must be mixed with 1 ml. of antigen in order to produce a suspension of standard 
reactivity. Usually 1 ml. of antigen makes sufficient suspension for 20 tests. Less than 
1 ml. or more than 2 ml. of antigen should not be measured in one mixing vial. 

(b) Measure into a second antigen suspension vial the necessary quantity of 
antigen. 

(c) Pour the saline into the antigen, and without stopping, pour the mixture back 
and forth 12 times, without allowing vials to drain during mixing period. 

(d) Allow the antigen suspension to stand for 10 minutes before using. The sus- 
pension is not to be used after standing more than 30 minutes from the time of mixing. 

3. Place thumb over mouth of mixing vial and shake gently to suspend antigen 
particles. 

4. Pipet 0.05 ml. of antigen suspension directly to the bottom of each tube of the 
front row of the rack. 

5. Pipet 0.025 ml. of antigen suspension directly to the bottom of each tube of 
the middle row of the rack. 

6. Pipet 0.0125 ml. of antigen suspension directly to the bottom of each tube of 
the back row of the rack. 

7. Add 0.15 ml. of each serum to the designated set of three tubes containing 0.05 
ml., 0.025 ml., and 0.0125 ml. of antigen suspension respectively. Complete the addi- 
tion of antigen suspension and sera to one rack before adding antigen suspension and 
sera to another rack. 

8. Shake rack by hand for 10 seconds, after antigen suspension and serum have 
been added to all tubes in that rack. 

9. Permit serum-antigen suspension mixture to stand for 3 to 7 minutes at room 
temperature. 

10. Shake rack of tubes for 3 minutes on a mechanical shaker (Fig. 352). 

11. Remove rack from shaking machine. Add 1.0 ml. of saline to each tube of the 
front row, and 0.5 ml. of saline to each tube of the middle and back rows. Add saline 
to one rack and complete reading before adding saline to another rack. 

12. Shake rack by hand gently for a few seconds to mix contents of tubes. 

13. Read each tube of the rack immediately after the addition of saline. 

14. Reread each tube 15 minutes after the first reading was taken, in all instances 
where a negative reaction was not obtained on the first reading. 

15. Have but one source of light coming from a single window, directly in front 
of the reader. 

16. Shade the upper and lower portions of the window, limiting source of light to 
a narrow section. 

17. Dim other sources of light in the room. 

18. Hold rack in front of the exposed section of window. 

19. Differentiate positive and negative reactions by the clear opalescence of the 
negatives and by turbidity or clouding of the positives and, in the case of strong 
positives, by the presence of floccules. 

20. Lift each tube showing any degree of turbidity or clouding severa! inches 
itbove the eye level and slant it to a nearly horizontal position in order to spread the 
fluid into a thin layer. 

21. Note size and number of visible floccules. 
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22. Reading by using a microscope mirror is recommended as follows: (a) place 
a microscope mirror flat on the work bench with the concave side upward. (b) Adjust 
a reading lamp (daylight bulb or fluorescent tube) above the mirror so that the bulb 
image is not visible but so that the tube can be held within cone of light. (c) Place each 
tube to be read in a slantwise position with the lower portion of tube about 1 to 2 
inches above the mirror. (d) View the image of tube contents in the mirror and note 
degree of flocculation. 

23. The results may be reported as follows (Fig. 353): 


Lh pe adage, Being Relatively large floccules suspended in a clear medium. 

Sieg tat sae Medium-sized floccules suspended in a clear or very slightly cloudy 
medium. 

Dita anne ee Sate Fine floccules easily distinguishable in a somewhat cloudy medium. 

1 aera ania Very fine floccules distinguishable in a somewhat cloudy medium. 

St a a RS EE Extremely fine floccules just distinguishable in a somewhat cloudy 
medium. 

Negative ..... An opalescent medium free from visible particles. 


Fig. 353. Types of reactions in Kahn test. 
(From Reuben L. Kahn, Kahn Test. Courtesy of Williams and Wilkins Company.) 


24. In all positive reactions where the greatest degree of flocculation is produced 
by the lesser amounts of antigen suspension (tubes 2 and 3) the following scheme 
of reporting may be used: 


SUM OF PLUSES 


IN 6 TUBE-READINGS REPORT 
ORTON dee, Dae stale Wei kisah cee n us astsyy Cte Sinish eee! AR reheat Positive (4+). 
TG eae inc ectianit a etna Yincteat nasees Freie ange Rie aR a nite esas tae Positive (3+). 
ORCL Scat eee cause, RiMeteR A ae at eat ate Ora es cee RO MN tenet Manse Positive (2-r). 
GS EOC Set a Mcn i orh ete she ete Aha ead Gre ates Pick Sew Ee RR OB Doubtful (1+). 
ee OE Ae ee EO hen IM Oe et ict) tae Ea eS Doubtful (+). 
Se OLMLCW CLM ee ee Ae wort epee Panalseu texan ate cnn fem oer stomr salt. Negative. 


1= tube readings are disregarded. 
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Supplementary Tests with Serum. Supplement No. 1 is conducted as follows: 
1. Pipet 0.025 ml. antigen suspension to the bottom of each of two tubes (numbered 
feand 2): 

2. Add 0.025 ml. serum (previously heated) to tube 1 and 0.05 ml. serum to 
tube 2. 

3. Shake rack by hand for 10 seconds to mix contents of tubes. Allow to stand 
3 to 7 minutes. 

4, Shake rack on mechanical shaker for 3 minutes. 

5. Remove rack from shaker, add 0.3 ml. saline to each tube, and shake to mix. 

6. Read immediately. A 2+, 3+, or 4-++ reaction in either tube is considered a 
positive reaction. 

Supplement No. 2 is conducted as follows: 1. Prepare serum dilutions 1:5, 1:10, 
and 1:20 in the following manner: (a) Pipet into 3 tubes (numbered 1, 2, and 3) 
0.8, 0.5, and 0.5 ml. of saline, respectively. (6) Add 0.2 ml. serum to tube 1 and mix. 
(c) Transfer 0.5 ml. from tube 1 to tube 2 and mix. (d) Transfer 0.5 ml. from tube 2 
to tube 3 and mix. 

2. Pipet 0.01 ml. antigen suspension to the bottom of three Kahn tubes (num- 
bered 1, 2, and 3). 

3. Add 0.15 ml. of the 1:5, 1:10, 1:20 dilutions of serum to tubes 1, 2, and 3, 
respectively. 

4. Shake rack by hand 10 seconds to mix contents of tubes. Allow to stand 3 to 7 
minutes. 

5. Shake rack on mechanical shaker for 3 minutes. 

6. Remove rack from shaker, add 0.5 ml. saline to each tube, and shake to mix. 

7. Read immediately. A 2+, 3-++, or 4-++ reaction in any of the three tubes is 
considered a positive reaction. 

Quantitative Test with Serum. 1. Prepare serum dilutions of 1:2, 1:4, 1:8, 1:16, 
1:32, 1:64, and higher if necessary, in the following manner: (a) pipet into each of 
six (or more) tubes, 0.5 ml. of 0.9 per cent salt solution. (6) Add 0.5 of heated 
serum to the first tube and mix. (c) Transfer 0.5 ml. from the first to the second tube 
and mix. (d) Continue transferring and mixing from one tube to the next until all 
dilutions have been made. Allow the mixing pipet to remain in the last tube. Serum 
dilutions should be employed in the test soon after they have been prepared. 

2. Prepare antigen suspension as previously described by mixing standard antigen 
with 0.9 per cent salt solution. 

3. After the antigen suspension has stood 10 minutes (but not more than 30 min- 
utes), place the thumb over the mouth of the mixing vial containing the suspension 
and shake gently to obtain a smooth suspension of antigen particles. 

4, Pipet 0.01 ml. antigen suspension to the bottom of six (or more) numbered 
tubes. 

5. Add 0.15 ml. of the 1:64 dilution of serum to the antigen suspension contained 
in tube 6. 

6. Add 0.15 ml. of the 1:32 dilution of serum to the antigen suspension contained 
in tube 5. 

7. Continue addition of 0.15 ml. of decreasing dilutions of the serum to tubes 4, 
3, 2, and 1 respectively. 


8. Shake rack by hand for 10 seconds and then allow to stand 3 to 7 minutes. 
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9. Shake rack in the mechanical shaker 3 minutes. 

10. Remove the rack from the shaking machine, and add 0.5 ml. of 0.9 per cent 
salt solution to each tube. Add saline to one rack and complete reading before adding 
saline to another rack. 

11. Shake rack by hand a few seconds to mix contents of tubes. 

12. Read each tube of the rack immediately after the addition of 0.9 per cent salt 
solution. 

13. Note the titration end point, i.e. the highest dilution of serum in which 4+, 
3+, or 2+ reactions are observed. 

14. Compute the quantitative titer by applying the formula S = 4D, where S is 
the potency of the serum in terms of Kahn units and D is the highest dilution demon- 
strating definite flocculation. Examples: 


(a) Highest dilution demonstrating definite flocculation is 1:64. 
S = 4 &X 64 or 256 Kahn units. 
(6) Highest dilution demonstrating definite flocculation is 1:16. 
= 4 X 16 or 64 Kahn units. 


15. Reports of 3 units, 2 units, and 1 unit are given as quantitative test results 
when only negative reactions are obtained by the quantitative procedure on sera pro- 
ducing 3+, 2+,,or 1+ reactions, respectively, in the qualitative test. It has been 
the practice in U. S. Public Health Service laboratories to quantitate only those sera 
producing 4+ reactions in the qualitative Kahn test. It is recommended that quantita- 
tive tests be performed on sera producing 3-++ or 4+ reactions in the qualitative test. 

Presumptive Test with Serum. 1. Arrange test tubes in a rack so that there is 
one tube for each serum to be tested, including positive serum, negative serum, and 
saline controls. Number tubes to correspond to the sera being tested. 

2. Prepare a sensitized antigen suspension as follows: (a) Measure into a glass 
mixing vial the proper amount of saline required to prepare sensitized antigen sus- 
pension with 1.0 ml. of sensitized antigen. (6) Measure 1.0 ml. sensitized antigen 
into a glass mixing vial. (c) Pour the saline into the antigen and as rapidly as pos- 
sible pour the mixture back and forth 12 times without waiting to drain the vials. 

3. Allow antigen suspension to stand 10 minutes before using. (Discard antigen 
suspension after it has aged more than 30 minutes.) 

4. Place thumb over mouth of mixing vial and shake gently to suspend antigen 
particles evenly. 

5. Pipet 0.025 ml. of sensitized antigen suspension directly to the bottom of each 
tube. 

6. Add 0.15 ml. of heated serum to each corresponding tube. Complete the addi- 
tion of sensitized antigen suspension and serum to one rack before adding sensitized 
antigen suspension to another. 

7. Shake rack by hand for 10 seconds. 

8. Allow rack to stand 3 minutes at room temperature. 

9. Shake rack of tubes for 3 minutes on a mechanical shaker. 

10. Remove rack from shaking machine and add 0.5 ml. of saline to each tube. 
Add saline to one rack and complete reading before adding saline to another. 

11. Shake rack by hand a few seconds to mix contents of tubes. 
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12. Read each tube of the rack immediately after the addition of saline. 
13. Report results as follows: 


READING REPORT 
AS eee eee Positive. 
oe oh iE Positive. 
De ey Ac eee Doubtful. 
(cree OCF CR _. Negative. 
ote gee ey te ee Negative. 
te eee Negative. 


MetHop For ADJUSTING THE TITER OF SENSITIZED ANTIGEN. 1. Prepare three 
sensitized antigen suspensions as follows: (a) Measure into a glass mixing vial 
(labeled A) the indicated amount of saline required to prepare sensitized antigen 
suspension with 1.0 ml. of sensitized antigen. (0) Measure into a second glass mixing 
vial (labeled B) 0.05 ml. more than the indicated amount of saline required to prepare 
sensitized antigen suspension with 1.0 ml. of sensitized antigen. (c) Measure into a 
third glass mixing vial (labeled C) 0.05 ml. less than the indicated amount of saline 
required to prepare sensitized antigen suspension with 1.0 ml. sensitized antigen. 
(d) Measure 1.0 ml. sensitized antigen into each of three glass mixing vials, labeled 
A, B, and C, respectively. (e) Pour the saline from vial labeled A into the antigen con- 
taining vial also labeled A, and, as rapidly as possible, pour the mixture back and 
forth 12 times without allowing time for vials to drain. (f) Do the same with the con- 
tents of vials B and C. 

2. Allow antigen suspensions to stand for 10 minutes before using. Antigen sus- 
pensions are not to be used after standing more than 30 minutes. 

3. Arrange four sets of three tubes each in a rack, and label the sets, S, A, B, and C, 
respectively. 

4. Pipet 0.025 ml. of standard antigen suspension to the bottom of three tubes 
labeled S. 

5. Pipet 0.025 ml. of sensitized antigen suspension A into tubes of set A. 

6. Pipet 0.025 ml. of sensitized antigen suspensions B and C into tubes of sets 
B and C. 

7. Add 0.15 ml. of heated positive control serum to one tube of each set. 

8. Add 0.15 ml. of heated negative control serum to another tube of each set. 

9. Add 0.15 ml. of saline to the third tube of each set. 

10. Shake rack by hand for 10 seconds. 

11. Permit rack to stand for 3 minutes at room temperature. 

12. Shake rack of tubes for 3 minutes in mechanical shaker. 

13. Remove rack from the shaker and add 0.5 ml. saline to each tube. 

14. Shake rack by hand a few seconds to mix contents of tubes. 

15. Read and compare the tubes of each set containing the positive control serum, 
negative control serum, and saline. 

16. Choose that sensitized antigen suspension for testing serums which conforms 
to the three following conditions. (a) The positive control demonstrates flocculation 
of the antigen suspension-serum mixture. (6) The negative serum and saline controls 
are free from particles or flakes. (c) Negative serum and saline reactions with sensi- 
tized antigen suspension show the same degree of opalescence as the negative serum 
and saline reactions with the standard antigen suspension. 
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17. When sensitized antigen suspensions elicit cloudier reactions with negative 
serum and saline than those obtained with standard antigen suspensions, it is necessary 
to increase the saline titer, generally by 0.05 ml., rarely by 0.1 ml. 

When sensitized antigen suspensions elicit clearer reactions with negative serum 
and saline than those obtained with standard antigen suspensions, it is necessary to 
decrease the saline titer, generally by 0.05 ml., rarely by 0.1 ml. 

A sensitized antigen suspension is satisfactory for the performance of the pre- 
sumptive test only when the negative serum and saline reactions with the sensitized 
antigen suspension show the same degree of opalescence as the negative serum and 
saline reactions with the standard antigen suspension. 

Standard (Qualitative) Test With Spinal Fluid. 1. Arrange test tubes in a rack 
so that there is one tube for each spinal fluid concentrate to be tested, including posi- 
tive spinal fluid, negative spinal fluid, and saline controls. Number tubes to correspond 
to the spinal fluids being tested. 

2. Prepare standard antigen suspension as previously described. 

3. Place thumb over mouth of mixing vial and shake gently to suspend antigen 
particles. 

4. Pipet 0.01 ml. of standard antigen suspension directly to the bottom of each 
tube. 

5. Add 0.15 ml. of spinal fluid globulin concentrate to each corresponding tube. 
Complete the addition of antigen suspension and globulin concentrate to one rack 
before adding antigen suspension and globulin concentrate to another. 

6. Shake rack by hand for 10 seconds after antigen suspension and spinal fluid con- 
centrates have been added to all tubes. 

7. Shake rack of tubes for 4 minutes on mechanical shaker. 

8. Remove rack from shaking machine and add 0.5 ml. of saline solution to each 
tube. Add saline to one rack and complete reading before adding saline to another. 

9. Shake rack by hand a few seconds to mix contents of tubes. 

10. Read each tube of the rack over a microscope mirror. 
11. Report reactions as 4--,,3--;/2--, 14-, ==! ore: 

Quantitative Test With Spinal Fluid. 1. Prepare dilutions of spinal fluid as 

follows: 


AMOUNT OF AMOUNT OF 
TUBE SPINAL FLUID SALINE SOLUTION Rea 
Gall) (ail 
TOTS Cea cae ae Iad eno cr ois ee Quantity available. None. A110 
ee RGU cer S| alars. otee aeons 2 0.2 0.1 HENS 
ee a Aien, Teiats. sie teteis aero e 0.2 0.2 120 
MGR Se TaT Te, ie lekers iolehersie ety 2.8 0.1 0.2 ILSEXO} 
Se Mietevc he ele one ereNe 0.1 0.3 1:40 
(6), Need Oat eae GaN ar oR Ry CARL sae 0.1 0.4 LEO) 


1 Whole spinal fluid is considered a 1:10 dilution since the qualitative test is performed on spinal 
fluid globulin concentrated 10 times. 


2. Prepare standard antigen suspensions. Place thumb over mouth of mixing vial 
and shake gently to suspend antigen particles, 
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3. Pipet 0.01 ml. of the antigen suspension directly to the bottom of a test tube. 
One tube is required for each dilution of spinal fluid being tested. 

4. Add 0.15 ml. of diluted spinal fluid to each tube, starting with the highest 
dilution. 

5. Shake rack by hand for 10 seconds and then in a shaker for 4 minutes. 

6. Remove rack from shaker, add 0.5 ml. saline to each tube, and read im- 
mediately. 

7. Note the highest dilution of spinal fluid giving a positive reaction (4+-, 3+, 
or 2+). 

8. Calculate the Kahn units according to the formula S = 4D, where S is the 
potency of the spinal fluid in terms of Kahn units and D is the highest dilution demon- 
strating definite flocculation. Example: 


(a) Spinal fluid positive at 1:10 dilution (designated) 10 X 4 = 40 Kahn units. 
(b) Spinal fluid positive at 1:40 dilution (designated) 40 X 4 = 160 Kahn units. 


9. Retest spinal fluids that produce only negative reactions in the designated 
dilutions in the following manner. (a) Add a sufficient quantity of saline to the 
globulin solution to make a 1:5 dilution (0.15 ml. globulin solution plus 0.6 ml. salt 
solution). (6) Perform a one-tube test as prescribed for testing spinal fluid dilutions. 
(c) If this 1:5 dilution gives a positive reaction, the quantitative titer is 20 Kahn 
units; if it gives a negative reaction, the titer is equivalent to the reading obtained 
with the undiluted globulin solution. 
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Equipment and Glassware. 1. Fisher-Kline rotating machine (Fisher Scientific 
Co., 717 Forbes Street, Pittsburgh, Pa.). 

2. Paraffin-ring maker (Eberbach and Son Co., Ann Arbor, Mich.). 

3. Mold set (LaMotte Chemical Products, Towson 4, Baltimore, Md.). 

4. Hypodermic syringe (1.0 or 2.0 ml.) with 26 gauge needles (filed off bevels). 

5. Pipets, 0.2 ml., graduated in 1/100 ml. to the tip; glass capillary pipets. 

6. Slides, glass, 3 & 2 inches. 

Preparation of Paraffin-Ring Slides. 1. Clean 3 X 2 inch glass slides with Bon 
Ami. 

2. Place 12 paraffin rings (14 mm. diameter) on each slide, using a hand-operated 
loop or an electrically heated ring-making machine. Paraffin or a mixture of two parts 
paraffin and one part Vaseline, heated to about 120° C., may be used. Care should be 
exercised to produce rings of the prescribed diameter. 

Preparation of Double-Ring Slides. 1. Clean 3 & 2 inch glass slides with Bon 
Ami. 

2. Place steel mold and two center disks on slide. 

3. Fill spaces between disks and outer mold with hot paraffin mixture (one part 
paraffin plus 2 parts Vaseline). 

4, Remove mold and disks from slide after paraffin has cooled. Disks may be 
loosened by turning the central screw to the right. The mold is removed by inserting 
a knife blade between the slide and mold 

Antigen. 1. Antigen is composed of cardiolipin (0.2 per cent) and purified lecithin 
(1.8 per cent-2.0 per cent) in absolute ethyl alcohol. This reagent should be assembled 
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from chemically standardized components and be serologically standardized by com- 
parison with an antigen of standard reactivity. Store at refrigerator temperature. 

2. Dissolve 1.0 gm. cholesterol (Pfanstiehl, ash free, precipitated from alcohol) in 
100 ml. absolute ethy! alcohol and store in glass-stoppered bottle at room temperature. 

3. Distilled water should have a minimum of positive ions or other electrolytes and 
pH approximately 6.0. 

4. Add dry, reagent quality, sodium chloride (850 mg.) to 100 ml. freshly distilled 
water. This solution should be prepared on the day of use. 

Preparation of Antigen for Serum Tests. 1. Pipet 0.85 ml. of distilled water to 
the bottom of a 30 ml. glass-stoppered bottle. 

2. Add 1.0 ml. of 1 per cent cholesterol solution. This is accomplished by allowing 
the cholesterol solution to drop slowly from a pipet while the bottle, held at an angle, 
is vigorously and continuously rotated on a flat surface. 

3. Continue rotation of the bottle for an additional 20 seconds. 

4. Add 0.1 ml. of antigen against the side of the neck of the bottle from a 0.2 ml. 
pipet. 

5. Place stopper in bottle and shake vigorously for 1 minute, throwing fluid from 
bottom to stopper and back. 

6. Add 2.45 ml. of 0.85 per cent sodium chloride solution rapidly to the bottle 
and shake less vigorously for 30 seconds. 

7. The emulsion is now ready for use and, if refrigerated, may be used for 48 hours. 
Double quantities of antigen emulsion may be prepared in 30 ml. bottles. 

Preparation of Antigen for Spinal Fluid Tests. 1. Pipet 0.6 ml. of 1 per cent 
cholesterol solution to the bottom of a large (1 inch diameter), round-bottomed 
centrifuge tube. 

2. Add 0.4 ml. of distilled water rapidly, by removing finger from pipet and blowing 
in the last drop, while vigorously rotating the tube on a flat surface. 

3. Continue rotation of tube for an additional 10 seconds. 

4. Add 0.1 ml. antigen and rotate tube vigorously for 1 minute. 

5. Add 1.4 ml. of 0.85 per cent sodium chloride solution and rotate the tube on a 
flat surface for 30 seconds. 

6. Centrifuge tube of antigen emulsion at 1,100 r.p.m. for 5 minutes. 

7. Decant the turbid supernatant fluid. 

8. Add 0.6 ml. of 0.85 per cent sodium chloride solution to the sediment and rotate 
tube vigorously for 30 seconds to uniformly resuspend antigen particles. 

9. Transfer antigen emulsion to a stoppered 13 & 100 mm. tube. This emulsion, if 
stored in the refrigerator, may be used for 48 hours after preparation. 

Preparation of Sera. 1. Remove sera from clots by centrifuging and pipetting or 
decanting. 

2. Heat sera in 56° C. water bath for 30 minutes. When re-examination of the 
serum on another day is required, serum should be reheated at 56° C. for 5 minutes. 
3. Recentrifuge any serum in which visible particles have formed during heating. 

Preparation of Spinal Fluid. 1. Centrifuge spinal fluid at 2,000 r.p.m. for 5 min- 
utes and remove supernate by decanting. Spinal fluids that are grossly contaminated 
or that contain blood are unsatisfactory for testing. 

2. Test each spinal fluid for the presence of sugar as follows: (a) Pipet 5 ml. of 
Benedict’s solution into a test tube. (6) Place tube in boiling water for 5 minutes. 
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(c) Remove tube from bath. Copper reduction should not occur during this heating 
period. (d) Add 0.5 ml. of spinal fluid. Shake tube to mix contents. (e) Return tube 
to boiling water for 5 minutes. (f) Remove tube from water bath and examine for 
precipitate indicating presence of sugar. Spinal fluids giving a negative reaction for 
sugar are unsatisfactory for testing. 

3. Place spinal fluids in a 56° C. water bath for 5 minutes immediately before 
testing. 

Qualitative Serum Test. 1. Pipet 0.05 ml. of heated serum into a paraffin ring on 
a glass slide. Positive and negative serum controls should be included. 

2. Add one drop (0.008 ml.) of antigen emulsion to each serum. 

3. Rotate slides on a flat surface for 4 minutes. Rotation by hand should circum- 
scribe a l-inch circle 180 times per minute. The Boerner type rotator should also be set 
at 180 r.p.m. The Fisher-Kline rotator has a greater speed and smaller amplitude. 
When tests are performed in a hot, dry climate, slides may be covered with a box lid 
containing a moistened blotter, during rotation, to prevent excess evaporation. 

4. Examine the reactions microscopically, employing a 100 * magnification. 

5. Report observed results in accordance with the following outline (Fig. 354): 

(a) Typical reactions. 


IN CS atlVeree ye ee Pace Antigen particles dispersed, no clumping. 
Weakly positive (= or 1+)...Antigen particles in small but definite clumps. 
Positives? ta onesri ene ates Antigen particles in medium-sized clumps. 
Strongly positive (4+)....... Antigen particles in large clumps. 


(6) Atypical reactions. These are characterized by irregular, feathery clumping in 
which smaller clumps predominate. Atypically reacting sera should be retested, in 
dilutions from 1:2 to 1:64, as described later. A positive report is rendered if a positive 
reaction is obtained with one or more serum dilutions. 

Quantitative Serum Test. 1. Add 0.5 ml. of 0.85 per cent sodium chloride to each 
of six or more tubes. 

2. Add 0.5 mi. of heated serum to the first tube and mix. 

3. Transfer 0.5 ml. from first to second tube and mix. 

4. Continue transferring 0.5 ml. from each tube to the next, and mixing, until the 
last tube contains 1.0 ml. 

5. Pipet 0.05 ml. of each serum dilution into a paraffin ring on a glass slide. 

6. Add one drop of antigen emulsion (0.008 ml.) to each serum dilution. 

7. Rotate slide for 4 minutes. 

8. Read and record reactions. Report results in terms of the highest dilution pro- 
ducing a positive (2+, 3-++, or 4+-) reaction. Example: 


SERUM DILUTION REPORT 
2 1:4 1:8 SG 132 1:64 
4 3 1 == — — Positive, 1:4 dilution. 
4 4 4 ez, — — Positive, 1:16 dilution. 
4 + + 4 2 — Positive, 1:32 dilution. 


9. If the last positive reaction on titration is 2-, the number of reagin units in 
the serum is the same as the dilution. If the iast positive reaction is stronger than 2+, 
it will require additional titration to determine the dilution at which the last positive 
reaction is 2+-. The number of reagin units in a serum is the same as the dilution at 
which the last positive reaction is 2+. 
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Fig. 354. The Kline microscopic precipitation reaction. 
A, negative reaction. B, positive (+). C, positive (++). D, positive (+++). E, positive 
(+444). 


Dilutions for determination of titer and of reagin units in serum should always 
be made with saline and not with negative serum. Example No. 1: 


1187) 1:4 1:8 e16 1:32 
4+ 4+ 4+ Dae Negative 


The titer is 1:16. Since the last reaction is 2+, the number of reagin units is also 16. 
Example No. 2: 


1) 1:4 1:8 LEG Te32 1:64 Pe128 1:256 
4+ 4+ 4+ 4+ 4+ 4+ 4+ Negative 


In the above instance the titer is 1.128. To determine the number of reagin units, an 
additional titration between 1:128 and 1:256 is carried out to find the last dilution at 
which the test gives a 2+ reaction. This is readily done by diluting 0.2 ml. of the 
remaining 1:8 dilution with 0.6 ml. physiologic saline (— 0.8 ml. of 1:32), and further 
diluting 0.1 ml. of the 1:32 dilution with 0.4 ml. saline in one tube; 0.1 ml. of the 
1:32 dilution with 0.5 ml. saline in a second tube; and finally a third tube, 0.1 ml. of 
the 1:32 dilution with 0.6 ml. saline. 

If the reactions are: 1:160 1:192 1:224 
Aly Dot Negative 
then the number of reagin units is 192. 
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Qualitative Spinal Fluid Test. 1. Place the required number of double-ring slides 
in a holder while spinal fluids are being heated. 

2. Pipet 0.3 ml. of the warm spinal fluid into a ringed chamber. Positive and nega- 
tive spinal fluid controls should be included. 

3. Add one drop (0.008 ml.) of antigen emulsion to the spinal fluid in each 


chamber. 

4. Rotate the slides on a flat surface with moderate vigor for 30 seconds to dis- 
tribute the antigen emulsion. 

5. Move the slide holder back and forth rapidly (about three complete movements 
a second), a linear distance of one-fourth to one-half inch, for 8 minutes. 

6. Examine reactions microscopically at 100 & magnification and report observed 
results in accordance with the following outline. For ease in reading, the slide may be 
tilted. 


INGCALIVER peta phceen pene eee Antigen particles dispersed, no clumping. 
Weakly positive (+ or 1+) .... Antigen particles in small but definite clumps. 
IPOSnNKe (Dae OSAP) oo seanccne Antigen particles in medium-sized clumps. 
Strongly positive (4+) ........ Antigen particles in large clumps. 


Quantitative Spinal Fluid Test. 1. Prepare spinal fluid dilutions of 1:2, 1:4, 1:8, 
1:16, etc., using negative spinal fluid (not saline) as the diluent. 

2. Test each spinal fluid dilution as described in the qualitative test. 

3. Report results in terms of the highest dilution producing a positive (2+, 3+, 
or 4+) reaction. 
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Equipment and Glassware. (1) Rotator (Fig. 355) set at 180 r.p.m. (2) Ring 
maker (Fisher rapid ring maker with paraffin having a melting point between 56° and 
62° C.). (3) Slide holder to accommodate from one to four 2 3 inch slides. (4) Glass 
slides, 2 3 inches, with paraffin rings, 15 mm. inside diameter, for serum tests. (5) 
Luer syringe, 5 mi. with 25 gauge needles. (6) Glass slides with concavities, 2 mm. deep 
and 16 mm. in diameter, for spinal fluid tests. (7) 0.2 ml. pipets graduated in hun- 
dredths. (8) Hot air blower and steel rod support with clamp (an ordinary hair dryer 
is satisfactory). 

Preparation of Buffered Saline Solution. This solution (pH 6.3 to 6.4) is pre- 
pared as follows: 


m. 
Sodiumeuchlorides (CPs) 25 «eter teen ae ee 
Primary potassium phosphate (KH»PO,) ............ 0.050 
Secondary msodium™s phosphatcms asst enn anE nas 0.425 

(Na,HPO, + 12 H,O) 

Doublerdistulledi waters cuvette 250.0 
N/L hydrochloric acid - .i.5 5.6 nee seeseee kee eee OLS 
Formaldehyde.( Merck's reagent) = eee 0.25 


Filter and check pH of solution. 


Preparation of Antigen. 1. Weigh 20 gm. of dehydrated beef heart powder (Difco 
Laboratories) and 10 gm. of powdered egg yolk (may be purchased from a dairy 
supply company). 
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2. Place powders in a 500 ml. glass-stoppered flask and add 200 ml. of anesthetic 
ether. 

3. Stopper flask tightly and shake on a mechanical shaker for 5 minutes or by hand 
for 15 minutes. 

4. Filter through fat-free 24 cm. paper of medium texture. Collect and save all the 
filtrates, using a fresh filter paper for each filtration. 

5. Repeat the extraction and filtration four additional times using 100 ml. of ether 
each time. 

6. After the last extraction, spread the moist powder on a sheet of clean filter 
paper. 

7. Allow powder to dry at room temperature until free of ether odor. 

8. Transfer the dry powder to a 500 ml. glass-stoppered bottle. 

9. Add 80 ml. of absolute alcohol and shake on a mechanical shaker for 4 hours, 
or allow to stand at room temperature for 3 days, shaking 5 minutes 3 times each day. 

10. Filter through fat-free 24 cm. paper of medium texture into a 100 ml. wide- 
mouthed, glass-stoppered bottle. Discard the powder. 

11. Place the combined ethereal filtrates in a large evaporating dish (8.5 inches in 
diameter ). 

12. Place the dish in a water bath at 55° to 56° C. and evaporate the ether until 
no bubbles rise to the surface of the liquid. At the same time warm 100 ml. of acetone 
to 55° to 56° C. in the water bath. 

13. Pour the acetone rapidly into the concentrated ether extracts. 

14. Stir thoroughly with a steel spatula and immediately decant into two 50 ml. 
centrifuge tubes. 

15. Centrifuge at 2,000 r.p.m. for 5 minutes. 

16. Decant the acetone and discard. 

17. Add 10 ml. of fresh acetone to each tube. Stir with a glass rod and invert each 
tube a few times with the palm of the hand over the mouth of the tube. 

18. Decant and discard the acetone. 

19. Collect the acetone-insoluble lipoids with a spatula and add to the alcoholic 
extract obtained in step 10. 

20. Place the bottle in the water bath at 55° to 56° C. for 30 minutes. Shake gently 
at frequent intervals. 

21. Cool bottle in the refrigerator for 30 minutes. 

22. Filter through fat-free paper of fine texture. Remove by filtration any precipi- 
tate which may appear on standing. The stock antigen extract is now ready for titra- 
tion. 

Preparation of Cardiolipin Antigen. The approximate optimal antigen is one 
containing 0.025 per cent cardiolipin, 0.2 per cent lecithin (1:8 ratio) and 0.75 to 0.9 
per cent cholesterol; however, the ultimate ratio depends entirely on the particular 
lots of lecithin and cholesterol used. The technic of the tests is essentially the same 
although minor changes have been found necessary (J. Immunol., 1951, 66:261). 

Titration of Antigen. 1. Place five tubes (13 100 mm.) in a rack and label 
them 1 to 5. 

2. Pipet 0.1 ml. of the stock antigen extract directly to the bottom of each tube. 

3. Pipet 0.9 ml. of 1.0 per cent cholesterolized alcohol into the first tube, 1.4 ml. 
into the second tube, 1.9 ml. into the third tube, 2.4 ml. into the fourth tube, and 2.9 
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ml. into the fifth tube. Mix the contents of each tube thoroughly. These represent 
stock antigen-cholesterol ratios of 1:10, 1:15, 1:20, (225, and. 4230: 

4. Take five 30 ml. bottles and label them 1:10, 1:15, 1:20, 1:25, and 1:30 
respectively. 

5. Prepare antigen suspensions from each of the five ratios exactly as described 
later in the qualitative serum test. 

6. Allow the suspensions to stand at room temperature for 3 hours. 

7. Shake each suspension gently from the bottom of the bottle to the cork several 
times. 

8. Transfer each to a 5 ml. syringe fitted with a 25 gauge needle. Test 30 presum- 
ably normal sera with each of the 5 antigens exactly as described later in the qualita- 
tive serum test. 

9. Reject without further testing those antigen ratios which show any degree of 
clumping with these sera. 

10. Select for further testing with reactive sera those ratios which on microscopic 
examination show very fine, completely dispersed particles without the slightest trace 
of clumping. (a) Select at least 10 partially positive sera. (b) Test each serum with 
each of the ratios which gave satisfactory reactions with the negative sera. (c) Examine 
microscopically. The higher the lipoid-cholesterol ratio, the more sensitive will be the 
reaction and the larger the flocculates. (d) For maximum sensitivity select as the titer 
the highest ratio which does not cause any degree of clumping in the presence of 
negative sera. (e) If a less sensitive antigen suspension is desired, a lower ratio is 
chosen. 

11. Prepare sufficient cholesterolized antigen for approximately 1 month’s supply. 

Preparation of Sera. 1. Remove sera from clots by centrifuging and pipetting or 
decanting. 

2. Heat sera in the 56° C. water bath for 30 minutes. Sera should be reheated for 
10 minutes if re-examined more than 4 hours after the original heating period. 

3. Recentrifuge any specimen in which visible particles have formed during heating. 

Preparation of Spinal Fluid. 1. Test the spinal fluid as soon as possible after col- 
lection. Grossly contaminated or bloody spinal fluids are unsatisfactory for examina- 
tion. Spinal fluids are examined without heating. 

2. Centrifuge the fresh spinal fluid at 2,000 r.p.m. for 5 minutes. 

3. Decant the supernatant fluid into a clean tube. 

Qualitative Serum Test. 1. Prepare antigen suspension as follows: 

(a) Pipet 3 ml. of buffered saline to the bottom of a 30 ml. bottle. 

(5) Measure 0.4 ml. cholesterolized antigen (reading from the bottom of the pipet) 
with a | ml. pipet graduated to the tip. 

(c) Hold the bottle in the left hand and impart a rapid rotating motion to it as 
the antigen is being discharged directly and at once into the saline solution from the 
pipet held in the right hand (antigen is blown from pipet). 

(d) Mix by drawing the suspension into the pipet and blowing out two or three 
times. 

(e) Allow suspension to “ripen” at room temperature for 3 hours. The suspension 
is then usable during the working day. 

(f) Shake antigen suspension gently from bottom to top of bottle several times. 

(g) Transfer suspension to a 5 ml. syringe fitted with a 25 gauge needle. 


MAZZINI FLOCCULATION TESTS FOR SYPHILIS 889 


2. Determine the proper angle at which to hold the syringe to deliver 0.01 ml. of 
suspension per drop. 

3. Perform preliminary tests with controls as follows: 

(a) Place paraffin-ringed glass slide on a slide holder. 

(5) Pipet 0.05 ml. of positive serum, negative serum, and buffered saline into 
separate rings. 

(c) Add one drop of antigen suspension (0.01 ml.) to each serum and saline. 

(d) Rotate on rotating machine for 4 minutes. When rotating by hand, circum- 
scribe a 2 inch circle 120 times per minute. When employing a Boerner-type mechanical 
rotator, the equivalent speed is 180 rotations per minute. 

(e) Examine the reactions microscopically, employing 100 & magnification. The 
positive serum control should demonstrate complete clumping of the antigen suspen- 
sion. Negative serum and saline controls should show complete dispersion of the anti- 
gen suspension, and the presence of an optimum number of antigen particles per field. 

4. Perform tests with sera as follows: 

(a) Place a paraffin-ringed glass slide on a slide holder. 

(6) Pipet 0.05 ml. of each serum into a separate ring. 

(c) Add one drop of antigen suspension (0.01) to each serum. 

(d) Rotate on rotating machine for 4 minutes. 

(e) Read each reaction microscopically, and record degree of flocculation in accord- 
ance with the outline which follows: 


TYPICAL REACTIONS ATYPICAL REACTIONS 


No clumping. Note atypical reactions which are charac- 
Very small clumps. terized by irregular particle aggregates of 


Small clumps. various sizes in which the small clumps and 
Medium-sized clumps. | free antigen particles predominate. 
Large clumps. 


(f) Add a second drop of antigen suspension to each test which gives a 1+, 2+, 
or atypical reaction. 

(g) Rotate the slide for a second 4 minute period. 

(“) Examine microscopically. If the reaction is stronger after the addition of the 
second drop of antigen suspension, record the stronger result. If the reaction is the 
same or weaker after the addition of the second drop of antigen suspension, record 
the original result. 

(1) Retest each zonally reacting serum that fails to give a positive reaction with 
the second drop of antigen suspension in the following manner: 

(1) Pipet 0.5 ml. buffered saline solution into each of five tubes (numbered 1 
through 5). 

(2) Add 0.5 ml. heated serum to tube 1 and mix. Transfer 0.5 ml. from tube 1 
to tube 2 and mix. Transfer 0.5 ml. from tube 2 to tube 3 and mix. Transfer 
0.5 ml. from tube 3 to tube 4 and mix. Transfer 0.5 ml. from tube 4 to tube 
5 and mix. 

(3) Pipet 0.05 ml. of each serum dilution to a paraffin-ringed slide. 

(4) Add one drop of antigen suspension (0.01 ml.) to each serum dilution. 

(5) Rotate the slide for 4 minutes and examine microscopically. 
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5. Report results as follows: 


READING REPORT 

INRA LIVER te ont cera ciers tat Negative. 

1 ee eee Seneca NIA Rote dii tn Oras | Doubtful. 

Ete MOR ae eye ns a tere. epee Doubtful. 

Sol ageeNN Meek the Suess heehee Positive. 

A eh Eee ER Seen eer co Positive. 

ANU Calle LeACt Ol etree eae Positive or doubtful 


Quantitative Serum Test. 1. Prepare serum dilutions of 1:2, 1:4, 1:8, 1:16, 1:32, 
1:64, and higher if necessary, in the following manner: 

(a) Pipet 0.5 ml. buffered salt solution into each of six (or more) tubes. 

(b) Add 0.5 ml. of heated serum to the first tube and mix. 

(c) Transfer 0.5 ml. of the diluted serum from the first to the second tube and mix. 

(d) Continue transferring and mixing from one tube to the next until all dilutions 
have been made. Allow the mixing pipet to remain in the last tube. 

2. Pipet 0.05 ml. of each serum dilution into a respective paraffin ring on a glass 
slide. 

3. Add one drop of antigen suspension to each diluted serum on the slide. 

4. Rotate the slide on a rotating machine for 4 minutes. 

5. Read and record the reactions in the same manner as for the qualitative serum 
test. 


6. Report results according to the highest serum dilution giving a positive reaction 
(3+ or 4+). Example: 


SERUM DILUTIONS REPORT 
12 1:4 1:8 1:16 1:32 1:64 
4 4 4 2 — — Positive, 1:8 dilution. 
4 3 1 — —_ — Positive, 1:4 dilution. 
4 4 4 4 1 — Positive, 1:16 dilution. 


Qualitative Spinal Fluid Test. 1. Prepare a 6 per cent acetic acid solution. 

2. Pipet exactly 0.01 ml. of 6 per cent acetic acid, with a 0.02 ml. pipet graduated 
in hundredths, onto one side of as many chambers of a glass slide as there are spinal 
fluids to be examined. 

3. Deliver 0.1 ml. of spinal fluid (with a 1 ml. pipet) onto the opposite side of the 
chamber to which the acid has been added. 

4. Mix the acid and spinal fluid evenly over the surface of the chamber with a 
wooden applicator. 


5. Rotate the slide holder on a flat surface with a circular motion for approximately 
1 minute. 

6. Add one drop of antigen suspension to each spinal-fluid-acetic-acid mixture. 

7. Rotate the slide holder by hand for 10 minutes at 120 r.p.m. or on a rotating 
machine for 10 minutes at 180 r.p.m. 

8. Read and report the reactions in the same manner as prescribed for the qualita- 
tive test with serum. 


9. Report positive reactions (3-++ and 4+-) without further testing. Spinal fluids 
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producing negative or doubtful (1-+ and 2+-) reactions are retested after concentra- 
tion by use of the hot-air blower as follows: 

(a) Place about 30 ml. of cold water in a petri dish. 

(5) Pipet 1.5 ml. of spinal fluid to the bottom of a 50 ml. beaker. 

(c) Set the beaker in the center of the petri dish containing the water. 

(d) Clamp the blower on a steel-rod support and place at a distance of 2 cm. 
above the beaker with the lever of the dryer in the “hot air’ position. 

(e) Evaporate the fluid to a volume of 0.2 ml. to 0.3 ml. This is accomplished in 
6 to 8 minutes. 

10. Proceed to test the concentrated spinal fluid in exactly the same manner as 
that used with the untreated spinal fluid. 

11. Read and record the reactions noted in terms of positive, doubtful, or negative. 

12. Report the reaction obtained with concentrated spinal fluid. 

Quantitative Spinal Fluid Test. 1. Prepare serial dilutions of spinal fluid (1:2, 
1:4, 1:8, 1:16, etc.) as described for the quantitative serum test. 

2. Examine each dilution as indicated for the qualitative test with spinal fluid. 

3. Read and record the reaction noted with each spinal fluid dilution. 

4. Report observed reactions in terms of the highest dilution giving a positive 
reaction in the same manner as described for the quantitative test with serum. 
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Reagents. 1. ANTIGEN: a cardiolipin-lecithin solution, containing 0.2 per cent 
cardiolipin and approximately 1.3 per cent purified lecithin in absolute alcohol, that 
has been previously standardized against a similar antigen of known reactivity. Store 
at room temperature in the dark. 

2. Satt SOLUTION, 0.9 PER CENT. Dissolve 9.0 gm. of reagent quality sodium 
chloride in 1,000 ml. of distilled water. 

3. DistiILLED WaTER (PH APPROXIMATELY 6.0). Boil and cool to room tempera- 
ture before use. 

4. CHOLESTEROL SOLUTION, 1 PER CENT. Dissolve 1.0 gm. cholesterol (Pfanstiehl, 
ash-free) in 100 ml. of absolute alcohol. 

Preparation of Sera. 1. Separate sera from the clot by centrifuging and pipetting 
or decanting. 

2. Heat in 56° C. water bath for 30 minutes. Cool to room temperature before 
testing. Sera held over until the following day should be reheated for 10 minutes. 

Preparation of Antigen Emulsion. 1. Pipet 0.8 ml. of distilled water (boiled and 
cooled to room temperature) into a 30 ml. round bottle. 

2. Hold the bottle with the bottom against the table and, while rotating rapidly, 
allow 0.9 ml. of 1 per cent cholesterol to run directly and at once from a 1.0 ml. pipet 
onto the distilled water. 

3. Continue rotation for 15 seconds. 

4. Measure 0.1 ml. of the cardiolipin-lecithin antigen with a 0.1 ml. or 0.2 ml. 
pipet. 

5. Add antigen to bottle by blowing contents from pipet. 

6. Stopper bottle and shake vigorously for 1 minute by striking the bottom of the 
bottle rapidly against the palm of the hand. 
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7. Add 2.5 ml. of 0.9 per cent salt solution. 

8. Shake the bottle with moderate vigor for 1 minute. 

9, Transfer 3.0 ml. of antigen emulsion to a 3 X 1 inch round-bottomed centrifuge 
tube. 

10. Place tube containing antigen emulsion in the 56° C. water bath for 15 
minutes. 

11. Remove the tube containing the emulsion from water bath and centrifuge at 
1,800 r.p.m. for 15 minutes in I.E.C. No. 1 centrifuge. 

12. Remove tube from centrifuge and invert rapidly to pour off turbid supernatant 
fluid. 

13. Wipe the walls of the tube with a piece of gauze or cotton to remove excess 
liquid. 

14. Add 3.0 ml. of 0.9 per cent salt solution and resuspend sediment by gently 
shaking. 

Qualitative Serum Test. 1. Pipet 0.05 ml. of heated serum into one ring of a paraf- 
fin-ringed glass slide. 

2. Add one drop (approximately 1/120 ml.) of antigen emulsion to the serum 
and rotate for 4 minutes on a Boerner-type rotator at 180 r.p.m. 

3. Examine microscopically immediately after rotation. 

4. Report the degree of clumping observed as follows: 


READING REPORT 
INOmGIUM DING Ae sachs Peay ek en cenntehrcae ita Abeer er ree ae Negative 
Venyasmallclumps. ¢ etn eraemn o echen a ers eee 35 
SmallMelum pS wears ree ne nee ne ce ee ee ae i> 
Moderate-sizedi clumps: fee siete ee oe ee 2-5 
Nuloreleenwelny Jenne. hoes: oo ais copy esohecouoouvogagnas Boia 
argevclumpsetee.t: 0 ace ot eye a ee ee ee 4+ 


+, 1+, and 2+ reactions are reported as “weakly positive”; 3+ and 
4+ reactions are reported as “positive.” 


5. Zonal or atypical reactions are characterized by a few irregular clumps inter- 
spersed with unclumped particles. Retest sera giving these reactions as follows: 

(a) Pipet 0.5 ml. of 0.9 per cent saline solution into each of five test tubes (num- 
bered 1 through 5). Add 0.5 ml. heated serum to tube 1 and mix; transfer 0.5 ml. 
to tube 2 and mix and so on to tube 5. 

(5) Test each serum dilution as before. Read microscopically and report as the 
test reading the strongest reaction obtained with any of the five dilutions. 

Quantitative Serum Test. 1. Prepare dilutions of serum 1:2, 1:4, 1:8, 1:16, 1:32 
and 1:64 with 0.9 per cent saline solution. 

2. Test each dilution in the same manner as in the qualitative test. 

3. Report as the quantitative end point the highest dilution giving a four-plus 
reaction. These results are reported in “ils” as illustrated in the following example: 


Undiluted 
Serum SERUM DILUTIONS REPORT 
ey 1:4 1:8 1:16 1332 1:64 dils 
4 4 4 4 2 1 a 8 
4 4 4 4 4 we a2 16 
4 ss ae a 


— -- 1 
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Equipment and Glassware. Same as for the Kline tests (page 882). 

Preparation of Antigen. 1. An alcoholic solution containing 0.03 per cent cardio- 
lipin, 0.9 per cent cholesterol, and sufficient purified lecithin to produce standard 
reactivity. Each lot of antigen must be serologically standardized by proper com- 
parison with an antigen of known reactivity. 

Antigen is dispensed in screw-capped (tinfoil or vinylite liners) brown bottles and 
stored at room temperature. The components of this antigen remain in solution at 
normal temperatures so any precipitate noted will indicate changes due to factors 
such as evaporation or additive materials contributed by pipets. Antigen containing 
precipitate should be discarded. 

Preparation of Saline Solution. Buffered saline solution containing 1 per cent 
sodium chloride is prepared as follows: 


Formaldehyde, neutral, reagent grade, ml. .................. 0.5 
Secondary sodium phosphate (Nas.HPO, + 12 H,O), gm. .... 0.093 
Primary potassium phosphate (KH,PO,), gm. ............ 0.170 
SodiunmchlomdewAcG.o-.gc1 ieee at oe ee ee 10.0 
Distilledeewatesp tll em ers a ec a tema i Ve TORS a! 1,000.0 


This solution yields potentiometer readings of pH 6.0 + 0.1 and is stored in screw- 
capped or glass-stoppered bottles. 

A 0.9 per cent saline solution is prepared by adding 900 mg. of dry sodium chloride 
to each 100 ml. of distilled water. | 

Preparation of Slides. 1. New slides are cleaned with Bon Ami which is removed 
with a soft cloth after drying. Previously used slides are first freed of paraffin, washed 
with soap, rinsed free of soap and then treated as new slides. 

2. Slides are handled by the edges, while cleaning, to prevent greasy fingerprints 
on the testing surfaces. Serum will spread within the circles on clean slides. Failure 
of the serum to spread is an indication that the slide is unclean and therefore should 
not be used. 

3. Paraffin rings are made by transferring heated paraffin to the slides by means 
of metal molds. 

Preparation of Serum. Clear serum, obtained by centrifuging whole clotted blood, 
is heated at 56° C. for 30 minutes or at 60° to 62° C. for 3 minutes before being tested. 
All sera are examined when removed from the water bath and those found to contain 
particulate debris are recentrifuged. Sera to be tested more than 4 hours after being 
heated should be reheated at 56° C. for 10 minutes. 

Preparation of Antigen Emulsion. 1. Pipet 0.4 ml. of buffered saline to the 
bottom of a 30-ml. round, glass- or screw-cap stoppered bottle. 

2. Add 0.5 ml. antigen (from the lower half of a 1.0 ml. pipet graduated to the 
tip) directly onto the saline while continuously but gently rotating the bottle on a 
flat surface. Antigen is added drop by drop, but rapidly, so that approximately 6 
seconds are allowed for each 0.5 ml. antigen. Pipet tip should remain in upper third 
of bottle and rotation should not be vigorous enough to splash saline onto pipet. Blow 
last drop of antigen from pipet without touching pipet to saline. 

3. Continue rotation of bottle 10 more seconds. 

4. Add 4.1 ml. buffered saline from 5.0 ml. pipet. 
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5. Place top on bottle and shake vigorously for approximately 10 seconds. 

6. Antigen emulsion is then ready for use and may be used during 1 day. This 
amount (5.0 ml.) is sufficient for approximately 250 serum tests. Twice this amount 
of antigen emulsion may be prepared at one time in a 30 ml. bottle by using doubled 
quantities of antigen and saline. A 10 ml. pipet should then be used for delivering the 
8.2 ml. volume of saline. If larger quantities of antigen emulsion are required, more 
than one mixture should be prepared. These aliquots may then be pooled and tested. 

7. Each preparation of antigen emulsion should first be examined by testing 
known positive and negative sera. This is accomplished by adding one drop of antigen 
emulsion to 0.05 ml. of each serum and completing the test as described later. These 
tests should present typically positive and negative results, respectively, and the size 
and number of antigen particles per microscopic field in the negative serum should be 
optimum. 

8. If antigen particles in the negative serum appear too large in size the fault 
will usually be found in the manner of preparing antigen emulsion. An unsatisfactory 
antigen emulsion should not be used. 

Qualitative Serum Test. 1. Known positive, weakly positive, and negative serum 
controls should always be included. 

2. Pipet 0.05 ml. heated serum into one ring of a paraffin-ringed glass slide. 

3. Add one drop (1/60 ml.) antigen emulsion onto each serum. 

4. Rotate slides for 4 minutes (Fig. 355). If rotated by hand on a flat surface, this 
movement should roughly circumscribe a 2-inch-diameter circle 120 times per minute. 
Tests are read immediately after rotation. 


Fig. 355. Yankee rotator. 
(Courtesy of Clay-Adams Company, Inc.) 


5. Tests are read microscopically, with low-power objective, at 100 x magnifica- 
tion. The antigen particles appear as short rod forms at this magnitude. Aggregation 
of these particles into large or small clumps is interpreted as degrees of positivity. 


READING REvOeT 
No clumping or very slight roughness ......... Negative (N). 
STEER IMEC HEMATIS One ns. «ug <ins 28? Ee ee Weakly positive (W.P.) 


OTE aoe on Me Positive (P). 
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6. Zonal reactions, due to an excess of reactive serum component, are recognized 
by irregular clumping and the loosely bound characteristics of the clumps. The usual 
positive reaction is characterized by large or small clumps of fairly uniform size. 
Experience will allow differentiation to be made between this type of reaction and 
the zonal reaction wherein large and/or small clumps may be intermingled with free 
antigen particles. 

7. In those instances, or whenever a zonal type reaction is suspected, the serum 
in question should be diluted 1:5 and 1:25 and retested. The maximum reaction 
produced by either of these dilutions, if greater than that obtained with undiluted 
serum, is reported as the test finding. Dilutions may be prepared by placing 0.4 ml. 
saline in each of two test tubes, adding 0.1 ml. heated serum to tube 1, mixing well, and 
transferring 0.1 ml. to tube 2. 

Quantitative Serum Test. 1. These tests are performed on serially diluted serum 
in saline, each dilution of which is treated as an individual serum and tested as in the 
qualitative test. Freshly prepared 0.9 per cent saline is used for these dilutions. Serum 
dilutions are prepared by placing 0.5 ml. saline in each of six or more tubes. Five- 
tenths milliliter of heated serum is added to tube 1, mixed well, and 0.5 ml. transferred 
to tube 2. This operation is continued until the sixth or last tube contains 1.0 ml. 
Dilutions of 1:2, 1:4, 1:8, 1:16, etc., are thus obtained. 

2. Tests are read microscopically at 100 * magnification as described for the 
qualitative test. 

3. Results are reported in terms of the greatest serum dilution that produces a 
positive (not weakly positive) reaction in accordance with the following example: 


SERUM DILUTIONS REPORT 
3074 1:4 1:8 1:16 1:32 1:64 
Pp iE 12 W.P. N N Positive, 1:8 dilution or 8 dils 
1¥ W.P. N N N N Positive, 1:2 dilution or 2 dils 
W.P. N N N N N Positive, undiluted only or 1 dil 


1 Positive reaction obtained with undiluted serum. 


4. Under conditions of high temperature and low humidity, as are sometimes 
present during the summer months in certain areas, antigen emulsion should be stored 
in the refrigerator. To avoid surface drying under these conditions, tests should be 
completed and read as rapidly as possible. 


VDRL MACROFLOCCULATION TESTS FOR SYPHILIS 

Equipment. 1. Kahn shaking machine operated at 275 to 285 oscillations per 
minute. 

2. Reading lamp, fluorescent or gooseneck type. 

Antigen. Same as in the microflocculation test. 

Preparation of Saline Solutions. 1. Buffered saline solution as used in the micro- 
flocculation test. 

2. Unbuffered saline solution prepared by adding 1 gm. of dry sodium chloride 
to each 100 ml. of distilled water. 

Preparation of Sera. Same as in the qualitative test. 

Preparation of Spinal Fluid. 1. Centrifuge and decant each spinal fluid. Spinal 
fluids which are visibly contaminated or contain gross blood are unsatisfactory for 
testing. 
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2. Heat spinal fluid at 56° C. for 15 minutes. Cool to room temperature before 
testing. 

Preparation of Antigen Emulsion. 1. Prepare as in the microscopic flocculation 
test. 

2. Add four parts of 1 per cent sodium chlvride solution to one part of emulsion. 
Mix well and allow to stand five or more minutes (not longer than 2 hours) before use. 
This is diluted antigen emulsion. 

Qualitative Serum Test. 1. Pipet 0.5 ml. heated serum into a 12 X 75 mm. (out- 
side diameter) test tube. 

2. Add 0.5 ml. diluted antigen emulsion to each serum. Shake tubes on Kahn 
shaker for 5 minutes. 

3. Centrifuge all tubes for 10 minutes at force equivalent to 2,000 r.p.m. in No. 1 
or 1,700 r.p.m. in No. 2 I.E.C. centrifuge. 

4. Return tubes to the Kahn shaking machine and shake for exactly 1 minute. 

5. Read reactions, as soon as secondary shaking period is completed, by holding 
tubes close to the shade of a reading lamp with a black background, at approximately 
eye level. A shaded fluorescent desk lamp or a gooseneck-type lamp with a blue bulb 
is a satisfactory reading light source. Record results as follows: 


POSIDIVE SH ye. ae Visible aggregates in a clear or slightly turbid medium. Ail borderline 
reactions, where the observer has doubt regarding visible clumping, 
should be reported as negative. 


NEGATIVE ...... No visible clumping or aggregation of antigen particles. Appearance 
slightly turbid or granular. Definite silken swirl on gentle shaking. 


Quantitative Serum Test. 1. Pipet 0.5 ml. of freshly prepared 0.9 per cent saline 
into each of six or more test tubes (12 & 75 mm.). 

2. Add 0.5 ml. heated serum to first tube and mix. Transfer 0.5 ml. from first to 
second tube and mix. Continue transferring 0.5 ml. from each tube to the next and 
mixing until the last tube is reached. Discard 0.5 ml. from last tube. 

3. Add 0.5 ml. of diluted antigen emulsion to each tube and proceed as described 
in the qualitative test. 

4. The greatest serum dilution producing a definitely positive reaction is reported 
as the reactivity end point in accordance with the following example: 


SERUM DILUTIONS REPORT 
12 1:4 18 1:16 SZ 1:64 
1p 1p P Pp N N Positive, 1:16 dilution or 16 dils. 
P ie N N N N Positive, 1:4 dilution or 4 dils. 
N N N N N N Positive + undiluted only or 1 dil. 


1 Positive reaction obtained with undiluted serum. 


Qualitative Spinal Fluid Test. 1. Prepare antigen emulsion as in the qualitative 
serum test. Add one part of 10 per cent sodium chloride solution (10 gm. dry sodium 
chloride (A.C.S.) in 100 ml. distilled water) to one part of the emulsion. Mix well, and 
allow to stand at least 5 minutes but not more than 2 hours before use. 

2. Pipet 1.0 ml. heated spinal fluid into a 13 100 mm. test tube. Include positive 
and negative spinal fluid controls in each test run. 

3. Add 0.2 ml. sensitized antigen emulsion to each spinal fluid. Resuspend the 
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sensitized antigen emulsion immediately before use by inverting container several 
times. 

4. Shake racks of tubes on Kahn shaking machine for 15 minutes. 

5. Centrifuge all tubes for 5 minutes at force equivalent to 1,800 r.p.m. in No. 1 
or 1,600 r.p.m. in No. 2 LE.C. centrifuge. Return tubes to Kahn shaking machine 
and shake exactly 2 minutes. 

6. Read reactions as soon as possible after the secondary shaking period by 
holding tubes close to the shade of a desk lamp having a black background. Each tube 
may be held motionless or shaken gently during the reading. Excessive agitation should 
be avoided. 

7. Report results as follows: 


POSTIVE ee ee. Definitely visible aggregates suspended in a water-clear or turbid 
medium. 
NEGATIVE ...... No aggregation, complete dispersion of particles, appearance turbid 


or slightly granular. 


Quantitative Spinal Fluid Test. 1. Prepare spinal fluid dilutions as follows: (a) 
pipet 1.0 ml. 0.9 per cent sodium chloride solution into each of 5 or more tubes; 
(6) add 1.0 ml. heated spinal fluid to tube 1, mix well, and transfer 1.0 ml. to tube 2; 
(c) continue mixing and transferring from one tube to the next until the last tube 
contains 2 ml. Discard 1.0 ml. from the last tube. The dilutions are 1:2, 1:4, 1:16, 
WES fom 

2. Test each dilution as in the qualitative spinal fluid test. 

3. Each tube is read as in the qualitative test. 

4. Report test results in terms of the highest dilution of spinal fluid producing a 
positive reaction. The term “‘dils” which expresses the same dilution reactivity end 
point may be applied. Example: 


SPINAL FLUID DILUTION REPORT 
2 1:4 1:8 LAG 132 
P P 1p N N Positive, 1:8 dilution, or 8 dils (3). 
Pe 1B P Ez N Positive, 1:16 dilution, or 16 dils (3). 
N N N N N Positive,’ undiluted only, or 1 dil (3). 


1 Positive reaction with undiluted spinal fluid in the qualitative test. 


PRECIPITIN TESTS FOR THE IDENTIFICATION OF BLOOD STAINS 
AND OTHER SUBSTANCES 


These tests are usually required for medicolegal purposes and especially for the 
identification of human blood. 

Preparation of Immune Serum. 1. Immunize several rabbits by intravenous in- 
jections of human serum at 3-day intervals in the following amounts: 1, 2, 3, 4, 8, and 
10 ml. or inject at 5-day intervals in the following amounts: 2 doses of 8 ml. each, 2 of 
5 ml., and 2 of 3 ml. To prevent anaphylactic shock the rabbits may be desensitized by 
injecting 0.2 ml. of the serum Y% hour before injection of each of the later doses. Ten 
days after the last dose remove a small amount of blood from an ear vein and test the 
serum for precipitin by placing 0.2 ml. in a small test tube and carefully overlaying 
with 1 ml. of a 1:1000 dilution of human serum. If a ring of precipitation occurs in a 
few minutes the fasting animal may be bled from the heart aseptically in sterile cen- 
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trifuge tubes. After clotting has occurred, gently separate the clot and centrifuge to 
remove all corpuscles. Transfer the serum to sterile containers and to each 19 ml. add 
1 ml. of 1:500 merthiolate solution for preservation. For use the serum must be crystal 
clear for accurate results and this may require centrifugalization or filtration. 

If the preliminary test is negative give the animal 
3 additional doses of serum intraperitoneally in the 
following amounts: 10, 15 and 20 ml. Test again 10 
days after the last dose. 

For medicolegal work it is advisable to prepare 
similar precipitins for the sera of the commoner domes- 
tic animals as the hog, sheep, beef, chicken, dog and cat. 

Preparation of Unknown Material. Prepare a 
solution of the stain or other material in saline solution. 
Apply a test for blood such as the benzidine, hemin 
crystal or other procedure. The extract should be ap- 
proximately 1:1000 and fulfill the following require- 
ments: (@) crystal clear and almost colorless, (6) con- 
tain only a very small amount of protein when tested 
by the heat and acetic acid or nitric acid ring tests, 
(c) foam freely on shaking, (d) be neither strongly 
acid nor strongly alkaline to litmus paper. 

If the solution of stain was from a piece of cloth, 

Fig. 356. Precipitin reactions. leather, or other material prepare a similar extract of 

A, positive. B, negative. an unstained portion as a control. Of course, it may not 

contain protein. 

Procedure. 1. Arrange 7 small test tubes or preferably pointed capillary tubes of 
about 3 mm. inside diameter and charge them as follows: 


No. 1.—0.2 ml. immune serum overlayed with 1 ml. of unknown extract. 

No. 2.—0.2 ml. normal rabbit serum overlayed with 1 ml. of unknown extract (negative 
control). 

No. 3.—-0.2 ml. of immune serum overlayed with 1 ml. of a 1:1000 solution of sheep or 
other serum different from that suspected in the stain of unknown material 
(negative control). 

No. 4.—0.2 ml. immune serum overlayed with 1 ml. of 1:1000 dilution of human serum 
(positive control). 

No. 5.—0.2 ml. immune serum overlayed with 1 ml. of control extract if one has been 
prepared of unstained cloth or leather (control). 

No. 6.—0.2 ml. immune serum plus 1 ml. of normal saline solution (control). 

No. 7.—0.2 ml. saline solution plus 1 ml. of extract (control). 


2. Allow to stand at room temperature for 5 to 15 minutes and examine. 

3. White rings of precipitation at the lines of contact in tubes 1 and 4 with no 
reactions in the other tubes indicates that the extract of unknown material contained 
human protein and if the chemical reactions were positive for blood would indicate that 
the extract was of human blood (Fig. 356). The test, however, does not differentiate 
the blood of one human being from another. Doubt can arise only between the pro- 
teins of closely related species, as for example, man and the higher apes, sheep and goat 
or horse and mule. 


4. If the tests are negative for human blood duplicate tests may be conducted 
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with antichicken, antibeef, antidog, anticat and other immune sera. In medicolegal 
cases it is always advisable to conduct these even though positive reactions are ob- 
served with antihuman serum. 

5. Similar tests can be conducted for the detection of meat adulteration, identifica- 
tion of bones, milk or semen, the technic being given in Kolmer’s Infection, Immunity 
and Biologic Therapy, W. B. Saunders Company. 


PRECIPITIN TESTS IN MENINGOCOCCUS -MENINGITIS 


This test described by Kreidler and Murphy is of diagnostic aid in differentiating 
meningococcus from other types of suppurative meningitis. 

1. Centrifuge the spinal fluid at high speed for 20 minutes. 

2. Remove the clear supernatant fluid to another test tube. The sediment may be 
used for smears and cultures. 

3. Place 0.3 to 0.5 ml. of each available antiserum in small test tubes. 

4. Carefully overlay each with an equal volume of the clear spinal fluid. 

5. Allow to stand at room temperature for 20 minutes. Examine for rings of pre- 
cipitation at the lines of contact which constitute positive reactions graded from ++ 
RO Ta al 

For Meningococcus Polysaccharide in Spinal Fluid. The presence of meningo- 
coccus polysaccharide in the cerebrospinal fluid is indicative of a severe infection and 
the need for adequate treatment with sulfadiazine or penicillin. A test for the poly- 
saccharide may be conducted as follows: 

1. Place 0.2 ml. of perfectly clear polyvalent or type-specific antimeningococcal 
serum in a small test tube. 

2. With a fine capillary pipet, carefully overlay with 1 ml. of perfectly clear cen- 
trifuged spinal fluid. 

3. A positive reaction is indicated by the formation of a white ring of precipitate 
at the line of contact. If occurring within 10 minutes at room temperature, it is usually 
indicative of a severe infection. 


PRECIPITIN TESTS FOR PNEUMOCOCCUS POLYSACCHARIDE 


Recovery from pneumococcal pneumonia, meningitis and other infections is partly 
dependent upon the presence in the body of adequate amounts of type-specific anti- 
body. In the presence of inadequate amounts of the latter the soluble specific capsular 
polysaccharide of the infecting pneumococcus is not neutralized and may occur in the 
serum, cerebrospinal fluid or urine. Under the conditions, tests for this type-specific 
polysaccharide are of value in relation to gauging the severity of infection and treat: 
ment with penicillin and sulfadiazine, with special reference to pneumonia and menin: 
gitis. The precipitin test for the detection of the type-specific polysaccharide in the 
blood serum, urine or cerebrospinal fluid (in meningitis) is usually employed. It may 
be conducted as follows: 

1. Place 0.2 ml. of clear rabbit type-specific antipneumococcus serum in a small 
test tube. 

2. With a fine capillary pipet, carefully overlay with 1 ml. of perfectly clear spinal 
fluid, urine or blood serum. 

3. A positive reaction consists in the formation of a white ring of precipitate at 
the line of contact. If occurring within 10 minutes at room temperature, it is indicative 
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of a severe infection with the presence of free type-specific polysaccharide in the fluid 
being tested. The significance of a positive reaction, therefore, is just the opposite to 
that of a positive skin reaction in relation to prognosis and treatment. 


PRECIPITIN TESTS FOR HEMOPHILUS INFLUENZAE 
POLYSACCHARIDE 


Hemophilus influenzae belonging to type B is also known to produce a type-specific 
soluble polysaccharide. Recovery from severe infections with the bacillus, as in influ- 
enzal meningitis and pneumonia, is due largely to specific antibody supplemented by 
chemotherapy. The presence of the polysaccharide in the cerebrospinal fluid, blood or 
urine is indicative of severe infection with inadequate amounts of antibody in the 
body and may be detected by precipitin tests. These tests may be conducted with blood 
serum, urine or cerebrospinal fluid as follows: 

1. Place 0.2 ml. of clear type B anti-influenzal serum in a small test tube. 

2. With a fine capillary tube, carefully overlay with 1 ml. of perfectly clear fluid 
to be tested. 

3. The appearance of a white ring of precipitate at the line of contact within 10 
minutes at room temperature, is believed to indicate a severe infection with insufficient 
antibody in the body for the neutralization of the excess polysaccharide shown in the 
cerebrospinal fluid, serum or urine being tested. 


PREGIPITING TEST FOR PLAGUE 


1. This test is sometimes of value in making a rapid presumptive diagnosis on 
decayed tissues and especially of rats. 

2. One part of finely divided tissue is mixed with 5 to 10 parts of distilled water, 
boiled for 5 minutes and filtered repeatedly through paper or asbestos wool with 
suction until perfectly clear. Set up the tests in small test tubes: 


No. 1. Place 0.5 ml. of high titer immune serum and carefully overlay with 0.5 ml. of 
the filtrate. 

No. 2. Set up a duplicate using normal rabbit or horse serum (control). 

No. 3. Place 0.5 ml. of immune serum and overlay with 0.5 ml. of normal saline solu- 
tion (control). 

No. 4. Place 0.5 ml. of extract and overlay 0.5 ml. of normal saline solution (control). 


3. A positive reaction shows a white ring of precipitate at the line of contact in 
the first tube in 5 minutes at 37° C. reaching a maximum after 2 hours. A negative 
reaction is not conclusive. 


PRECIPITIN TEST FOR ANTHRAX 


A similar test may be conducted with an extract of tissue and a potent anti-anthrax 
serum. 


PRECIPITIN TESTS IN TYPHUS FEVER 


Precipitin tests have been employed by Shepard and Topping (Nat. Inst. Health 
Bull., 1945, 183:87) in typhus fever and other investigators have shown the presence 
of precipitins not only in the blood but also in the urine in the acute stage of this 
disease. One of the limitations is the difficulty in obtaining relatively pure soluble anti- 
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gens of the rickettsiae. Under the circumstances agglutination and complement fixation 
tests are employed as aids in the diagnosis of the rickettsial diseases. 


PRECIPITIN TEST FOR ECHINOCOCCOSIS 


This test is frequently of diagnostic aid. The antigen may be the sate as used in 
conducting the allergic skin test (Chapter 35). The serum is that of the patient which 
should be crystal clear, undiluted and used unheated. 

1. Set up the tests in small test tubes as follows: 


No. 1. Place 0.5 ml. of patient’s serum carefully overlayed with 0.5 ml. of antigen. 

No. 2. Place 0.5 ml of normal serum carefully overlayed with 0.5 ml. of antigen (nega- 
tive control). 

No. 3. Place 0.5 ml. of serum from a rabbit immunized by intravenous injections of cyst 
fluid or from a known case of the disease carefully overlayed with 0.5 ml. of 
antigen (positive control). 

No. 4. Place 0.5 ml. of patient’s serum with 0.5 ml. of saline solution (control). 

No. 5. Place 0.5 ml. of antigen with 0.5 ml. of saline solution (control). 

2. Allow to stand at room temperature for 1% hour. A white ring of precipitation 


in tubes 1 and 3 indicates a positive reaction. 


PRECIPITIN TEST FOR TRICHINOSIS 


This test is particularly valuable in checking diagnoses made by skin tests in pa- 
tients suspected of harboring the encysted larvae of Trichinella spiralis. The antigen 
may be the same as that employed for the skin test (Chapter 35) or prepared according 
to the method of McNaught, Beard and Myers (Am. J. Clin. Path., 1941, 11:195). 
The test is performed by carefully overlaying 0.2 ml. of a 1:100 dilution of antigen 
over 0.2 ml. of clear unheated serum in a narrow test tube. The control consists of 
layering saline solution over the serum. The tubes are placed in a water bath at 37° C. 
for an hour. A distinct opaque whitish 1 mm. ring at the junction of the antigen and 
serum indicates a positive reaction. 

A rapid flocculation slide test has been described by Suessenguth and Kline (Am. 
J. Clin. Path., 1944, 14:471). An improved antigen for this test has been described 
by Suessenguth (Am. J. M. Technol., 1947, 13:213). 


35 


METHODS FOR CONDUCTING IMMUNOLOGIC AND 
ALLERGIC SKIN TESTS 


‘ 


The only immunologic skin tests commonly employed are those of Schick and Dick 
for natural or acquired immunity to diphtheria and scarlet fever respectively, includ- 
ing the Schultz-Charlton blanching test sometimes of value in the diagnosis of scarlet 
fever. To these may be added the skin tests for the presence or absence of antibody 
in pneumococcal pneumonia and meningitis; also in Hemophilus influenzae infections. 
Possibly the intradermal injection of antitularemia serum (Foshay), employed as an 
aid in the diagnosis of tularemia, should be included in this category although its 
mechanism is unknown at the present time. 

Skin tests for natural or acquired allergy, however, are widely employed in the 
etiologic diagnosis of numerous allergic diseases with special reference to seasonal hay 
fever and asthma, vasomotor or allergic rhinitis, perennial or bronchial asthma, allergy 
to foods (gastro-intestinal allergy), the allergic dermatoses, migraine, contact derma- 
titis, serum and drug allergy; also for allergy in various bacterial and viral diseases 
(tuberculosis, brucellosis, tularemia, glanders and lymphogranuloma venereum) for 
diagnostic purposes as well as in some of the mycotic diseases and those due to animal 
parasites. 


TECHN] GOR CUTANEOUS TESTS 


Cutaneous or scratch tests have the advantages of simplicity and inexpensiveness 
since 30 or more may be conducted at one time. They are also highly specific with 
nonspecific reactions of rare occurrence. They are likewise safe since the absorption 
of amounts of allergens sufficient for the production of constitutional reactions does 
not occur. Their one important disadvantage may be a lack of sufficient sensitivity. 
However, they are usually sufficiently sensitive for tests with the inhalant allergens 
in hay fever, asthma and allergic rhinitis; furthermore, they are frequently preferred 
in testing suspected cases of natural allergy to horse or other animal sera in which 
hypersensitiveness may be so exquisite as to render intracutaneous tests dangerous. 

1. These tests are done preferably upon the skin of the forearm or inner aspect of 
the arm in adults, and upon the skin of the back in infants or young children. The 
skin is cleansed with alcohol and dried. A small superficial abrasion about 4% inch 
long is made through the epidermis by a small needle, a sharp pointed scalpel or a 
lancet (Fig. 357). Care should be taken not to draw blood. When more than one test 
is being done, the entire series of scratches should be made at one time in rows of 4 
to 8. The scratches should be spaced at least 4 inch apart to insure clear definition 
of positive reactions. One of the scratches should be kept for a control. This usually 
is placed in the cubital fossa between the linear rows. 


2. If the allergen is a liguid or a paste, it may be applied directly to the scratch. 
902 
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Fig. 357. Method of making scarifications for cutaneous allergic tests with Daland lancet. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 


Very little rubbing is necessary following the application, since the scratch will usually 
absorb the material applied to it. If the allergenic extract is in powder form, a drop 
of a diluent, which may be either tenth-normal sodium hydroxide or physiologic saline 
solution, should be placed upon each scratch. The powdered extract is then added to 
the diluent with the blunt end of a toothpick employing just enough of the powder to 
cover the end of the toothpick. This should then be mixed with the diluent by means 
of the toothpick and allowed to remain on the scratch (Fig. 358). The control site 
should receive only the drop of diluent. 


. — | 


i. 


Fig. 358. Method of applying allergens to cutaneous abrasions in allergic skin tests. 
(From Kolmer, Infection, Immunity and Biologic Therapy. Courtesy of W. B. Saunders Company.) 
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3. Reactions usually reach their maximum in from 15 to 30 minutes with an 
average of 20. The material should therefore be left on the scratch until the reaction 
develops and then wiped off, so that the reaction may be read. Reactions may develop 
rather quickly in highly sensitive individuals and it is advisable to wipe off the ma- 
terial as soon as they are observed. This will prevent the remote possibility of a 
constitutional reaction. 

Reactions may be recorded as follows (Plate XXIV): 


Negative (—) No appreciable increase in size of wheal or areola as 
compared to control. 

Doubtful (+) Wheal less than 0.5 cm., slight to moderate areola or 
area of redness. 

Slightly positive (+) Wheal 0.5 cm.; moderate areola. 


Moderately positive (+++) Wheal 0.5 to 1 cm. and without pseudopodia; mod- 
erate to marked areola. 

Markedly positive (+++) Wheal 1 cm. or more with pseudopodia and moder- 
ate to marked areola. 


TECHNIC OF INTRACUTANEOUS TESTS 


Intracutaneous tests have the great advantage of sensitivity and are, therefore, 
preferred in tests for the detection of hypersensitiveness to foods, bacteria, serum, fungi 
and animal parasites. The reactions are also quicker and generally easier to interpret. 
But they are more likely to yield local nonspecific and constitutional reactions, and 
are more time-consuming and expensive since not more than 6 to 18 tests can be 
conducted at one time. 

1. The skin of the outer aspect of the arm has been found more satisfactory and 
convenient for this type of testing than any other part of the body, although the skin 
of the forearm or back may be employed when necessary. It is important that the arm 
or forearm be ‘reed of any constricting bands, such as is often formed by rolling up a 
tightly fitting sleeve. The obstruction of the venous circulation produced by this “cuff” 
tends to inhibit or lessen the intensity of the skin reaction. The skin is cleansed with 
alcohol and dried. A very small amount (0.01 to 0.02 ml.) of the sterile liquid allergen 
(dilute extracts usually employed for routine testing) is injected by a tuberculin 
syringe into the outer layer of the skin (Fig. 359). Care should be taken that the 
needle is introduced into and not through the epidermis. This may be obviated by 
introducing the bevel of the needle far enough to pick the skin up with the point and 
then injecting the liquid extract. Following the injection of the material a small whitish 
pinpoint elevation or wheal should be visible. As in the scratch technic, the tests 
should be arranged in rows of 4 to 6, with at least 12 inch between tests. Six to 12 
tests usually are performed at a sitting and although a large number may be done at 
one time without danger, it is not advisable, particularly with pollens or inhalants, 
because of the greater danger of constitutional reactions. The number of tests for young 
children at one time varies between 4 and 8. 

2. Reactions are usually complete in from 5 to 15 minutes, with an average of 
10 minutes, and should be read at the end of that period. An injection of the diluent 
constitutes the control site although in most instances a negative reaction may be used 
as the control. It is advisable, whenever possible, to recheck all positive reactions, 
employing the next higher concentration of the extract for those allergens giving only 
doubtful or slight reactions. 


~ PLATE XXIV 


Enos 
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' Skin reactions after scratch tests with allergenic extracts. 
a, — (negative or control); b, + (doubtful); c, + (slight); d, ++ (moderate); e, +++ 


(marked). 
(From Kolmer and Tuft, Clinical Immunology, Biotherapy and Chemotherapy. Courtesy of W. B. 


Saunders Company.) 
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3. The readings are made in the same manner as in the scratch or cutaneous tests. 
In some patients there may be no immediate reaction to the skin test, but within 
several hours (usually within 24 hours) there appears about the site of the test a zone 
of redness or erythema of varying size and with a tendency to persist for a longer 
period than the immediate skin reaction. This is known as a delayed reaction, and 
although it is recorded in the same way as immediate reactions, its exact significance 
is not known. Positive delayed skin reactions to food allergens are of occasional clinical 
importance. 


Fig. 359. Technic of intracutaneous injections. 


A, by tuberculin syringe in upper arm. (From Kolmer and Tuft, Clinical immunity, Biotherapy 
and Chemotherapy. Courtesy of W. B. Saunders Company.) B, by Record syringe in upper arm 
(note wheal indicative of correct injection). (From Kolmer, Infection, Immunity and Biologic 
Therapy. Courtesy of W. B. Saunders Company.) 


TECHNIC OF CONSUNGTIVAISSrE sus 


Ophthalmic or conjunctival tests are less sensitive than intracutaneous tests; hence 
they never give positive reactions when the latter are negative. On the other hand, 
however, positive ophthalmic and intracutaneous reactions indicate a higher degree of 
hypersensitiveness than a positive intracutaneous reaction alone. Consequently they 
are particularly useful tests for allergic sensitization to sera preliminary to their ad- 
ministration in the prophylaxis and treatment of disease since a positive ophthalmic 
reaction indicates the need for great care. They are also sometimes used in testing 
for pollen allergy but only under special conditions. Needless to state, they cannot 
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be employed in the presence of conjunctivitis nor in the case of crying children or 
adults. 

One or 2 drops of the solution to be tested, or a minute amount of dried extract 
(usually pollen), is instilled into the conjunctival sac of one eye, the opposite eye 
being used as a control. Reactions, if positive, occur within 5 to 10 minutes and are 
characterized by a definite redness due to injection of the conjunctival vessels and by 
considerable itching and lacrimation. Ordinarily, the reaction disappears within a few 
hours. When the reaction is marked, swelling of the conjunctiva or of the lower lid 
may occur and persist for 24 or 48 hours. Uncomfortable reactions are controlled 
readily by instillation of a drop or two of adrenalin (1:1000) into the eye. Reactions 
are read in the same manner as skin tests, although the degree of the reaction is 
more difficult to determine. 


TECHNIC: OF NASAL TESTS 


Nasal tests have a very limited clinical application. They are of occasional value 
in allergic rhinitis in determining the clinical significance of certain inhalant substances 
giving doubtful skin reactions. They are also useful at times in detecting sensitivity in 
hay fever patients with positive clinical histories but negative skin tests, or, like the 
conjunctival test, in differentiating the clinical significance of tests to pollens with 
overlapping pollination periods. 

This test is performed either by spraying the liquid allergen into the nose or by 
holding the powdered allergen (e.g. pollen) close to the nostrils upon the blunt end 
of a toothpick and having the patient inhale it, or by direct application of the allergen 
to the nasal mucosa. The reaction will manifest itself in sensitive patients by subjective 
symptoms such as sneezing and watery discharge, or cough. Proper controls should be 
used to exclude a possible nonspecific reaction. 


JECHNIGC@R MEE PATCH: ORYCONTAGTs TES. 


This test is employed in the determination of the specific exciting agent responsible 
for certain inflammatory conditions of the skin grouped under the term of contact 
dermatitis and best illustrated by poison ivy. It is the only test of any value in the 
specific diagnosis of contact dermatitis due to fabrics, furs, leathers, rubber or cos- 
metics. Needless to state, the substance being tested should not be a primary skin 
irritant. 

Since the eruption of contact dermatitis is the result of allergic sensitization, the 
direct application of the suspected excitant to the skin of such a patient should, after 
sufficient contact, reproduce a lesion similar to that for which the patient is being 
treated. 

1. Prepare a patch consisting of adhesive plaster 1 to 2 inches square. Cover all 
of the inner or adhesive surface of the patch except for a rim of about 4 inch with 
a square of cellophane, rubber tissue or oiled silk. 

2. Prepare a small square (1% or 1% inch) of 4-ply gauze or blotting paper to be 
used for absorbing the liquid or ointment preparations. Solid substances may be 
applied directly to the skin. 

3. The skin of the outer surface of the arm or inner surface of the forearm should 
be employed when only a few tests are to be done at one time. When 10 to 20 are 


applied, the skin of the back is more convenient. 


908 METHODS FOR IMMUNOLOGIC AND ALLERGIC SKIN TESTS 


4. To perform the test, soak the small square of gauze or blotting paper in the 
liquid to be tested and apply it directly to the skin. If the suspected agent is an oint- 
ment, this may be put on the square intact; if it is a powder, it may be moistened with 
saline solution or distilled water and then applied. When solids insoluble in water are 
used, it has been found best to dissolve them in a solvent, making a saturated solution, 
and wetting a piece of gauze with this solution. The gauze is then allowed to dry before 
being placed on the skin in order to eliminate the action of the solvent. When the in- 
soluble solid is of a resinous character, the solution may be painted directly on the 
skin, the solvent allowed to dry, and adhesive plaster applied. If the resin adheres 
firmly to the skin it is not necessary to,cover it. 

5. Allow the patch to remain in place 24 hours, unless itching is marked. Some- 
times it is necessary to leave it on for 3 or 4 days, but not for more than 5 days as 
the patient may by that time become sensitized to the patch itself. This is especially 
true of fabrics which contain no strong irritants and to which most persons do not 
react. The reactions should be read upon the removal of the patch or patches. If nega- 
tive reactions are observed it is advisable to examine every day thereafter for at least 
5 days for possible late reactions. 

6. A positive reaction is indicated by the presence at the site of the patch of a 
reddened area in which small blisters or vesicles are seen. A negative reaction shows 
no changes at the site. 

7. A positive reaction is definite indication of sensitization. Its clinical importance 
must, however, be established. A negative reaction does not necessarily exclude the 
presence of sensitization. 


TECHNIC. OF THE INDIRECT TEST 


The passive transfer or indirect test is based upon the demonstration of allergic 
antibody or reagin in the blood of the patient. It is of occasional value when cutaneous 
or intracutaneous tests are impossible or inadvisable; as in severe universal eczemas, 
especially in young children; in patients with severe intractable asthma who are con- 
stantly taking adrenalin; in patients too ill or too feeble for skin tests; in those in 
whom severe constitutional reactions are feared and, finally, as a check upon the 
specificity of positive skin reactions under special conditions. 

1. The test depends upon the possibility of sensitizing a local area of skin of a 
normal individual by the intracutaneous injection of the serum of an allergic individ- 
ual containing skin-sensitizing antibodies or allergins (Prausnitz-Kiistner method of 
passive transfer of antibody). This test cannot be done if the allergic individual is 
syphilitic. Remove 5 ml. of blood from the allergic individual with aseptic precautions. 
Separate the serum and centrifuge if necessary to remove corpuscles. Keep in refriger- 
ator. It may be preserved by the addition of 0.1 ml. of 5 per cent phenol per ml. It is 
advisable to culture for sterility. 

2. With a sterile tuberculin syringe fitted with a No. 26 needle, inject 0.1 ml. of 
the serum intracutaneously into the forearm of a normal nonallergic individual. As a 
general rule 8 injections may be made in 2 rows of 4 each. Do not use senile skins; 
avoid sunburned areas. If foods are being tested the recipient should abstain from 
these for 48 hours, especially in the case of eggs, fish and nuts. Ring each site of 
injected skin with ink or skin pencil. 
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3. Allow 24 and preferably 48 hours to elapse and reinject the sensitized sites with 
0.02 ml. of sterile solutions of the allergens being tested; at the same time inject a 
similar amount of each into adjacent areas of nonsensitized skin as controls. 

4. Inspect both areas 10 minutes later. A reaction in a sensitized site with no 
reaction in the control site is positive. If both are negative it is likely that the serum 
had no antibodies for the allergen employed. If both are positive the recipient has an 
allergy to the allergen and the test would have to be repeated with another individual. 
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Schick Test. 1. The usual method is to inject 0.1 ml. of the diluted toxin intra- 
cutaneously, using the cleansed skin of the inner surface of the forearm below the 
elbow or the upper arm near the site of insertion of the deltoid muscle. 

2. In the case of older children and adults, a similar injection of 0.1 ml. of the 
control fluid should be made either in the opposite arm, which is preferable, or several 
inches below the test site on the same arm. It is essential that the injections be given 
into the skin and not subcutaneously; otherwise, false negative reactions may occur. 
The presence of a large white palpable wheal indicates that the injection has been 
properly made. 

3. Accuracy in the measurement of the amount of toxin injected may be insured 
by the use of a properly graduated tuberculin syringe, although a good Luer or Record 
syringe also is satisfactory. A 26-gauge %4 to % inch hypodermic needle is best 
adapted for intracutaneous injections. If the test is being performed on a group of 
individuals, it is permissible to use the same needle for all injections, providing it is 
wiped off with alcohol after each injection. 

4. The reactions are best read and interpreted on the fifth to seventh days after 
the injection of toxin. True positive reactiozs (Plate XXV) may vary from a small 
area of erythema with slight edema about tne size of a quarter (faintly positive) to 
that of a half dollar (definitely positive) or larger, with considerable edema (strongly 
positive). 

5. Pseudopositive reactions (Plate XXV), which have the same significance as 
negative reactions, develop within 6 to 18 hours and reach their height in 36 to 48 
hours, usually disappearing by the fourth or fifth days. They are characterized by a 
central area of dusky redness about the size of a dime with a secondary pale areola 
that shades off into the surrounding skin, with little or no edema. 

6. Combined true and pseudoreactions (Plate XXV) have the same significance 
as true positive reactions. They are characterized by a central zone of dusky erythema 
with considerable edema along with a wide pale areola of erythema. 

Dick Test. 1. The technic is exactly like that of the Schick test and consists of the 
intracutaneous injection of 0.1 ml. of Dick toxin carrying one skin test dose (one 
S.T.D.). The syringe and needle should not be sterilized with alcohol or other dis- 
infectants, since retention of the latter may result in destruction of the toxin. Dis- 
tilled water for boiling is preferable to tap water and as much of the water as possible 
should be expelled from the syringe and needle before use; this may be aided by 
ejecting a little toxin from the needle just before making the injection. As previously 
stated, rigid aseptic precautions are required to prevent any bacterial contamination 
that may result in falsely positive reactions. It will be noted, therefore, that the technic 


of this test is exacting. 


PLATE XXV 


Positive Schick reactions. 
A, positive reaction at end of forty-eight hours; B, positive reaction at end of four to five days; 
C, pseudopositive reaction; D, combined true and pseudopositive reaction. 
(From Kolmer, Clinical Diagnosis by Laboratory Examinations. Courtesy of Appleton-Century- 
Crofts, Inc.) 


METHODS FOR CONDUCTING IMMUNOLOGIC SKIN TESTS 911 


2. Reactions should not be read earlier than 18 hours or later than 24 hours after 
the injection of toxin. 

3. Positive reactions (Plate XXVI) are characterized entirely by erythema without 
induration or edema and may be faintly or slightly positive (between 10 and 20 mm.), 
moderately positive (between 20 and 30 mm.), strongly positive (between 30 and 40 
mm.) or very strongly positive (over 40 mm.). The slightest erythema, no matter how 
faint, constitutes a positive reaction if it measures as much as 10 mm. in any direction. 

4. Falsely positive reactions are sometimes due to infection of the skin; they 
usually do not suppurate but last longer than a true positive reaction and are often 
indurated. Pseudoreactions due to allergy are very infrequent. 

Schultz-Charlton Blanching Test in Scarlet Fever. This test has proven of 
clinical value as an aid in the differential diagnosis of scarlet fever rashes from clini- 
cally similar rashes occurring in rubella and the drug allergies (quinine or salicylates). 
It consists of the intracutaneous injection of 0.5 ml. of convalescent scarlet fever serum 
or 0.1 ml. of a potent scarlet fever antitoxin in the center of a large area where the 
rash is brightest, preferably on the abdomen or chest. The reaction is observed 18 to 
24 hours later. A positive reaction consists of blanching of the rash in a zone surround- 
ing the central red spot where the injection was made (Plate XXVI). The reading 
should be made while standing several feet from the patient. Rashes due to drug 
allergies are not blanched. The same is true in rubella (German measles) if the test is 
conducted with scarlet fever antitoxin. Convalescent scarlet fever serum may cause 
some blanching of nonscarlatinal rashes due to infectious diseases if it happens to 
contain specific antibodies for them. Consequently, the test is best conducted with 
standard scarlet fever antitoxin. 

Pneumococcus Antibody Test. This test, as described by Francis (J. Exper. Med., 
1933, 57:617), is conducted by injecting intradermally 0.1 ml. of a sterile protein-free 
solution carrying 0.1 mg. of the type-specific capsular polysaccharide. Positive reac- 
tions which develop within 15 to 30 minutes, occur at about the time of recovery and 
are apparently the result of interaction between antibody and the polysaccharide. 
Therefore they are indicative of the presence of adequate amounts of antibody and 
of good prognostic import. Negative reactions, however, are indicative of severe in- 
fections and the presence of inadequate amounts of antibody in the blood and tissues, 
with the need for the administration of adequate amounts of sulfadiazine or penicillin. 

Hemophilus Influenzae Antibody Test. Hemophilus influenzae belonging to type 
B is also known to produce a type-specific soluble polysaccharide. Recovery from 
severe infections with the bacillus, as in influenzal meningitis and pneumonia, is due 
largely to specific antibody supplemented by sulfonamide and antibiotic therapy. As 
shown by Alexander and her colleagues (J. Pediat., 1942, 20:673) whether or not 
adequate amounts of antibody are present in the blood may be determined by the 
capsular swelling or skin tests. 

The skin test is conducted by injecting 0.1 ml. of a 1:5000 dilution of type B 
H. influenzae polysaccharide intracutaneously. A positive reaction, indicative of an 
excess of antibody in the patient, is of the immediate type developing within 5 to 10 
minutes and remaining for approximately 30 minutes. It is characterized by a wheal 
with extrusion of pseudopods. 

Foshay Antiserum Test in Tularemia. This test (J. Allergy, 1935, 6:630) is con- 
ducted by injecting intradermally 0.04 ml. of human convalescent or specially prepared 


PLATE XXVI 
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Positive Dick and Schultz-Charlton blanching reactions. 

A, strongly positive Dick reaction at end of twenty-four hours; B, slightly positive Dick reaction 
at end of twenty-four hours; C, strongly positive Dick reaction in a Negro at end of twenty-four 
hours; D, Schultz-Charlton blanching reaction. 

(From Kolmer, Clinical Diagnosis by Laboratory Examinations. Courtesy of Appleton-Century- 


Crofts, Inc.) 
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antitularemia sera. Positive erythematous-edematous reactions are stated to occur 
within 15 to 20 minutes in cases of tularemia as early as within the first day or two 
after the onset of symptoms until about 22 days after recovery. These reactions are 
believed to be due to a reaction between antibodies and a specific polysaccharide of 
Past. tularensis. Strictly normal sera should be injected at the same time as controls. 


METHODS FOR THE PREPARATION OF ALLERGENS 


Prepared extracts of a very large number of different substances as pollens, hairs, 
dandruffs and feathers of the lower animals, various foods, silk, cotton, glue and orris 
root may be obtained from commercial laboratories suitable for the scratch or cutane- 
ous test. These are usually in the form of powders or solutions. 

Fluid extracts of allergenic substances may also be obtained suitable for intracuta- 
neous tests as well as the allergenic oils of pollens, poison ivy, sumac and oak for the 
patch test. It is unnecessary, therefore, to include here the technic of their preparation. 

Stock dust extracts may be obtained from the same sources, but autogenous ex- 
tracts prepared of house or industrial dusts to which the individual patient is exposed, 
are sometimes required. For this reason a method for their preparation is given here- 
with. Methods for the preparation of extracts of pollens, fungi, hairs, oils and foods 
are described by Tuft (Clinical Allergy, Philadelphia, Lea and Febiger, 1949). 

Preparation of Autogenous Dust Extracts. 1. Collect dust with a vacuum cleaner 
in a clean bag. In homes, the cleaner should be run especially over upholstered furni- 
ture, draperies, rugs, floors and mattresses. 

2. Mix thoroughly and remove coarse materials such as match sticks or hairpins. 

3. Place about 15 to 30 gm. in an Erlenmeyer flask with 100 to 200 ml. ether. 
Stopper tightly, shake thoroughly and allow to stand at room temperature overnight 
for the removal of oily and coloring substances. 

4. Filter through paper, spread the residue on filter paper and allow the ether to 
evaporate. 

5. Place the residue in an Erlenmeyer flask and add an equal volume of Coca’s 
extracting fluid prepared as follows: 


SodiumpehloniGe es... eae eee 2.5 gm. 
Sodium) carbonate. sss 126 1.4 gm. 
Gi forse Came jolorsevoll ao wea ae 40.0 ml. 


Distilled water to make 500.0 ml. 


Before using, it is advisable to pass carbon dioxide through the fluid until no color 
is observed upon adding a few drops of phenolphthalein indicator to 5 ml. 

6. Stopper tightly, mix thoroughly and keep at room temperature for 48 hours with 
frequent mixing. 

7. Squeeze out on filter paper on a large funnel and then filter the extract through 
a sterile Berkefeld or Seitz filter. 

8. Culture the filtrate for sterility by placing 1 or 2 ml. in a flask of 100 ml. of 
glucose broth; incubate at 37° C. for at least 3 days. 

9. If sterile add sufficient 5 per cent phenol to give a final concentration of 0.5 per 
cent and dispense in a suitable sterile container fitted with a sterile rubber diaphragm 


stopper. 
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TESTS FOR SERUM ALLERGY 


These are frequently required before the administration of immune sera for the 
prophylaxis and treatment of disease, to determine if the patient is hypersensitive. 

1. If the patient is an asthmatic and especially if suspected of being sensitive to 
horse serum, a scratch or cutaneous test should be first conducted with a drop of 
normal horse serum. A positive reaction indicates such a high degree of sensitiveness 
that serum should not be given at all or only by very special methods. 

2. If the history is negative for asthma, or if this test gives a negative reaction, 
inject intracutaneously 0.02 ml. of sterile normal horse serum (0.2 ml. of 1:10 dilu- 
tion). A control injection of sterile saline solution is advisable. Read reactions in 
about 10 minutes. A positive reaction indicates that if serum is given precautions are 
required and especially if administered intravenously. The test is sometimes conducted 
with the immune serum for administration. This is not advisable because the anti- 
bodies in the serum may produce an immediate erythematous and edematous reaction 
(known as the E-E reaction) which may be mistaken for a positive allergic reaction 
(Foshay, L. J. Allergy, 1935, 6:360). 

3. An ophthalmic test may be conducted by placing a drop of 1:10 dilution normal 
horse serum in the lower conjunctival sac. The test cannot be conducted in the case of 
crying children. Wait about 10 minutes. A positive reaction is shown by erythema, 
lacrimation and some itching. It is not as reliable as the intracutaneous test. 


METHODS FOR CONDUCTING ALLERGIC SKIN TESTS IN BACTERIAL, 
MYCOTIC, VIRAL AND PARASITIC DISEASES 


Tuberculosis. The cutaneous or scratch test of von Pirquet, employing old tuber- 
culin, is highly specific but less sensitive than the intracutaneous test of Mantoux. 
Therefore, the latter is preferred and may be conducted with old tuberculin (O.T.) or 
the purified protein derivative (P.P.D.) of Seibert which is preferred. If old tuberculin 
is employed, 0.1 ml. of a 1:10,000 dilution (0.01 mg.) is injected intracutaneously but 
if a negative reaction is observed a second injection of 0.1 ml. of a 1:100 dilution 
(1 mg.) should be made. If P.P.D. is employed, a tablet of the first test strength 
(0.00002 mg.) is dissolved in the vial of diluent supplied and the injection given intra- 
cutaneously, but if a negative reaction is observed, a second injection is given employ- 
ing a solution of a tablet of the second strength dose (0.005 mg.). 

Reactions should be read 24 or 48 hours later. Negative reactions show no edema 
with a very slight degree of erythema. Positive reactions (Plate XXVII) are charac- 
terized by edema with erythema varying in degree from + (erythema less than 5 mm. 
in diameter with only a trace of edema) to +-++-+-+ (marked erythema, edema and 
an area of necrosis). 

The Vollmer patch test is probably not as sensitive as the intracutaneous test and 
the patch may become separated from the skin sufficiently to prevent the maintenance 
of effective contact. It consists of the application to the skin of two pieces of filter 
paper which have been impregnated with old tuberculin and attached to adhesive tape. 
The area of skin to be tested is cleansed with acetone or ether and allowed to dry. The 
adhesive tape is gently warmed and firmly applied to either the forearm or the inter- 
scapular region. The patch is removed after 48 hours and the reaction read after an 


PLATE XXVII 


Positive tuberculin reaction (Mantoux). 
Twenty-four hours after the intracutaneous injection of 0.1 ml. of 1:1000 dilution of P.P.D. 
tuberculin. 
(From Kolmer, Clinical Diagnosis by Laboratory Examinations. Courtesy of Appleton-Century- 
Crofts, Inc.) 
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additional 48 hours. A positive reaction consists of a reddened, indurated area or of 
several distinct papules. 

Brucellosis. A skin test of aid in the diagnosis of this disease may be conducted 
by the intracutaneous injection of 0.1 ml. of brucellergen (Huddleson) composed of 
the protein nucleinate fraction of brucella, after the lipid fraction has been removed. 
Reactions are best read 48 hours later and recorded in the same manner as tuberculin 
reactions. 

Positive reactions (Plate XXVIII) are characterized by circumscribed areas of 
erythema, induration and edema, sometimes accompanied by systemic reactions, which 
may persist for a week or longer. Frequently they do not occur until the disease is well 
developed with positive agglutination reactions. But in the absence of the latter, they 
are usually indicative of the disease, providing there is a markedly positive opsonocyto- 
phagic reaction of the blood at the same time. Positive agglutination, brucellergen and 
opsonocytophagic reactions are practically conclusive evidence of infection. As in tuber- 
culosis, however, anywhere from 6 to 10 per cent positive reactions may occur in the 
absence of clinically recognizable undulant fever, apparently due to minor infections, 
and especially among those who, like veterinarians and laboratory workers, are par- 
ticularly exposed to infection, and those accustomed to the use of raw milk. Allergic 
sensitization also tends to persist with positive reactions occurring during convalescence 
and for long periods of time after apparent recovery probably due to persistent infec- 
tion. Negative reactions indicate the absence of allergic sensitization but not necessarily 
the absence of infection since they may occur in individuals with brucellosis presenting 
such definite and conclusive evidences of infection as repeatedly positive blood cuitures. 

Tularemia. Allergic sensitization to Past. tularensis is apparently acquired early 
in the course of tularemia. For this reason skin tests conducted by the intracutaneous 
injection of killed suspensions of the organism (Foshay) are sometimes of value in 
early diagnosis, as positive reactions are stated to occur on the third or fourth days 
of the disease. As a general rule, however, agglutination tests are preferred. Negative 
reactions do not exclude the disease. Since the allergy usually persists for years after 
recovery, positive reactions do not necessarily mean active disease. When they are 
observed, however, in the presence of suspicious lesions, the latter is usually the proper - 
interpretation. Apparently cross-reactions with suspensions of Br. abortus and Br. 
melitensis have not been observed, although they share a common antigenic constituent 
with Past. tularensis. 

Chancroid. The antigen formerly used was prepared by diluting pus aspirated 
from buboes with saline solution and sterilizing with heat. At the present time it is 
prepared of cultures of H. ducreyi suspended in saline solution to carry about one 
billion per milliliter and heated for 30 minutes at 60° C. 

The test is conducted by the intradermal injection of 0.1 ml. and the reaction read 
after 72 hours. It is stated that positive reactions may not occur unless there is con- 
siderable infection of the regional lymphatics regardless of the duration of initial lesions. 
Allergic sensitization apparently endures for many years and possibly for the balance 
of life. Consequently, this may account for the positive reactions observed in some 
cases of lymphogranuloma venereum, lymphogranuloma inguinale and normal indi- 
viduals in whom chancroidal infection was present at some time in the past. 


PLATE XXVIII 


Positive Brucellergen skin reaction. 


(From Kolmer, Clinical Diugnosis by Laboratory Examinations. Courtesy of Appleton-Century- 
Crofts, Inc.) 
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Tests for Bacterial Allergy in Relation to Vaccine Therapy. 1. Cultures are 
made on petri plates of hormone blood agar and the different bacteria isolated and 
identified. 

2. Pure cultures of these are grown on appropriate solid media for 24 to 48 hours 
and removed with sufficient saline solution to give dense suspensions of at least 
2,000,000,000 per ml. Or the bacteria may be grown in a fluid medium and secured by 
centrifugation. If any medium has been carried into the suspension it is filtered through 
sterile paper and the bacteria are washed once with saline solution containing 0.5 per 
cent phenol before being resuspended in the saline solution. 

3. Each suspension is heated in a water bath at 60° C. for 1 hour, cultured for 
sterility, and preserved with sufficient phenol to make 0.5 per cent. 

4. For the skin tests a small amount of each suspension is diluted with sterile 
saline solution to give approximately 500,000,000 per ml.; 0.05 ml. of each is injected 
intracutaneously. A control injection of saline solution is made at the same time. 

5. The reactions are read approximately 1 and 24 hours later. 

6. Those bacteria causing positive reactions are then incorporated into an autoge- 
nous vaccine prepared from the stock suspensions. 

Dermatophytoses and Dermatophytids. These tests are conducted by the intra- 
dermal injection of trichophytin. Various preparations are commercially available. The 
test dose is usually 0.1 ml. of a dilution (usually 1:30 or 1:100) capable of producing 
reactions in sensitive individuals. The syringe and needle should be freshly sterilized 
by boiling. The trichophytin should be sterile. The readings should be made after 10 to 
15 minutes (for an immediate wheal reaction which is especially apt to occur in infec- 
tions with T. purpureum), after 48 hours (for the usual eczematous reaction) and 
again at the end of 1 week. A control injection of sterile broth is advisable. Strongly 
positive reactions should lead to conservative methods of treatment since the prognosis 
is favorable; when there is an exudative dermatitis the use of roentgen rays may be 
considered. Temporary falsely negative reactions may occur during some of the acute 
infectious diseases. Patch tests have also been employed but are not as satisfactory as 
intradermal tests. 

Histoplasmosis. Intracutaneous tests with histoplasmin are of value in the diag- 
nosis of histoplasmosis. Whether or not, however, positive reactions in tuberculin- 
negative individuals with pulmonary calcinosis are indicative of previous infections 
with H. capsulatum cannot be stated at the present time. Cross skin reactions with 
histoplasmin, blastomycin, coccidioidin and haptosporangin have been reported in 
these individuals. 

Histoplasmin consists of a sterile broth filtrate of a culture of Histoplasma cap- 
sulatum. It is best prepared by growing the fungus in a synthetic medium recom- 
mended by Smith (Med. Clin. of North America, 1943, 27:790) for the preparation of 
coccidioidin and employed by Emmons and others (Pub. Health Rep., 1945, 60:1383). 
The test dose is 0.1 ml. of 1:1000 dilution by intracutaneous injection. Reactions are 
read at the end of 48 hours. Reactions characterized by hyperemia with edema measur- 
ing 5 x 5 mm, or larger are regarded as positive. 

Coccidioidomycosis. Dickson has found intradermal injections of coccidioidin 
prepared of cultures of C. immitis of value in the diagnosis of coccidioidomycosis. The 
reaction is stated to be highly specific. But since sensitization may persist for long 
periods of time after recovery from primary infections of the lungs, positive reactions 
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are not necessarily diagnostic of lesions of the skin suspected of being due to coccid- 
ioidomycoses. In conducting the test the needles and syringes should not have been 
used for similar tests with trichophytin or other antigens. The test dose is 0.1 ml. of 
a 1:100 dilution by intracutaneous injection. The reaction is read at the end of 48 
hours, and is interpreted as it is in the Mantou test for tuberculosis. 

Lymphogranuloma Venereum. As originally shown by Frei, a skin test has 
proven highly specific and of great value in diagnosis, conducted by the intracutaneous 
injection of 0.1 ml. of a 1:10 dilution of sterilized pus removed by aspiration from an 
unruptured inguinal bubo. The reaction is read 48 to 72 hours later. A positive reaction 
consists of an inflammatory papule with erythema and is stated to occur in 95 per 
cent of cases with buboes, or 90 per cent with ulcerative lesions. Negative reactions, 
however, may occur in the early stages of the disease. Unfortunately, nonspecific 
reactions occur and may be as high as 30 per cent. These reduce the practical value of 
the test as it is difficult to use a control antigen. 

The virus has been successfully cultivated by the method of Rake, McKee and 
Shaffer in the egg yolk sac of the developing chick embryo and by differential cen- 
trifugation may be obtained in a high state of purity. Suspensions in 0.1 per cent 
formalin are slightly hazy and almost colorless solutions with so little extraneous 
matter that intracutaneous injections of 0.1 ml. are not nearly as likely to produce 
nonspecific reactions as suspensions of sterilized pus or mouse brain. This type of 
antigen, therefore, is strongly recommended and is commercially available as lygranum 
(E. R. Squibb Co.). Positive reactions are characterized by reddish papules 6 mm. or 
more in diameter, surrounded by a fainter areola of erythema of varying size. The 
papule is the important part of the reaction and should be measured with a millimeter 
scale. Strongly positive reactions may show pustules or vesicles. Reactions gradually 
regress leaving a faintly pigmented area with or without a slight scar. 

Mumps. Enders and others (Ann. Int. Med., 1943, 18:1015; J. Exper. Med., 
1945, 81:93) have shown that intracutaneous injections of 0.1 ml. of heat-killed saline 
suspensions of parotid gland obtained from monkeys infected with monkey adapted 
virus or prepared of the amniotic membranes of infected chick embryos, produce posi- 
tive erythematous reactions in 24 to 48 hours indicative of acquired immunity to 
mumps. Negative reactions occur during the acute phase of the disease. The test, 
therefore, is not employed for diagnostic purposes but as a test for acquired immunity 
or resistance resulting from previous infections. 

Echinococcosis. An intracutaneous test has proven of value in the diagnosis of this 
disease although its clinical application may be hampered by difficulties experienced 
in obtaining a suitable antigen for its conduct. The latter is generally prepared of 
pooled sterile hydatid fluids obtained by puncture of unilocular hydatid cysts of sheep, 
pigs, oxen or human beings. After filtration and culture for sterility it is placed in 
ampules which, when kept in a refrigerator, are ready for use up to 6 months. With 
antigen supplied by the National Institutes of Health, the technic and reactions are as 
follows: 

The usual test dose is 0.01 ml. of 1:10,000 dilution. It is advisable to include a 
control consisting of the intracutaneous injection of 0.01 ml. of sterile saline solution. 
A positive reaction is of the immediate type, appearing usually within 15 to 20 minutes 
after the injection of the antigen. In rare cases there may be a delayed reaction which 
does not reach its height before 24 hours. It is characterized by the formation of a 
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wheal with a diameter larger by 3 mm. or more than that of the control, with or 
without pseudupodia. The wheal is usually surrounded by a zone of hyperemia, but 
this is not as important as the size of the wheal and the presence of pseudopodia. The 
test is particularly useful preoperatively. In postoperative cases positive reactions may 
be observed over long periods of time. Positive reactions, however, are not absolutely 
indicative of the disease, since falsely positive or pseudoreactions may occur from 
hypersensitiveness to sheep protein in the antigen, from trauma, and in other cestode 
infestments. A negative reaction is valuable, but not conclusive, evidence for excluding 
hydatid disease. Antigen prepared of the dog tapeworm (Dipylidium caninum) by the 
Lederle Laboratories is used in dose of 0.05 or 0.1 ml. by intracutaneous injection. 

Trichinosis. An intradermal test has proven of value in the diagnosis of infest- 
ment with Tvichinella spiralis and especially in mild cases with only vague symptoms. 
The antigen may be prepared according to the method described by McNaught, Beard 
and Myers (Am. J. Clin. Path., 1941, 11:195). With this antigen the test dose is 
0.1 ml. of a 1:10,000 dilution injected intradermally. A control injection of 0.1 ml. 
of sterile buffered saline solution is given at the same time. Antigen may be obtained 
from the Lederle Laboratories and used in dose of 0.01 to 0.02 ml. by intracutaneous 
injection. 

During the second or third weeks of the disease an immediate reaction consisting 
of a wheal with a zone of hyperemia is commonly observed. During the first few days 
of the disease, and especially in long-standing quiescent cases, a delayed reaction 
usually occurs, reaching a maximum size of 1 to 3 cm. in 20 to 24 hours and resem- 
bling a mild tuberculin reaction which then subsides. 

Filariasis. Intradermal tests conducted with antigens prepared of canine Dirofilaria 
immitis have proven of clinical value since positive reactions occur in about 90 per 
cent of cases of filariasis due to infestment with Wuchereria bancrofti. The reactions 
are usually of the immediate type but delayed reactions characterized by marked 
edema resembling Calabar swellings may occur. Similar results have been observed in 
loiasis and onchocerciasis with this antigen as well as with antigen prepared of Oncho- 
cerca volvulus so that the reactions are group-specific for filariae. Positive cutaneous 
reactions have been reported in dracunculiasis many years after recovery. 

Schistosomiasis. Intradermal tests conducted with cercarial antigens prepared of 
snails infested with Schistosoma spindale or S. bovis give a high percentage of positive 
reactions in schistosomiasis of human beings due to S. hematobium and in a relatively 
small percentage of pseudopositive reactions in noninfested individuals due to hyper- 
sensitiveness to the proteins of the snail. Similar results have been reported with cer- 
carial antigens prepared of S. mansoni so that the reactions are of a group character. 
Intracutaneous tests, however, possess some diagnostic value and antigens prepared of 
S. japonicum have been particularly recommended for field work in endemic areas, 
since positive reactions occur but rarely in noninfested individuals. Undoubtedly posi- 
tive reactions continue to occur over long periods of time after apparent recovery. 

Leishmaniasis. Intradermal tests conducted with phenolized saline suspensions of 
dead Leishmania tropica almost invariably give positive reactions in oriental sore but 
may also give weakly positive reactions in about 10 per cent of noninfected individuals. 


METHODS FOR CONDUCTING SKIN TESTS FOR DRUG ALLERGIES 921 


METHODS FOR CONDUCTING SKIN TESTS FOR DRUG ALLERGIES 


Skin tests are frequently indicated or required in suspected natural or acquired 
allergies to various drugs and other chemical agents. Cutaneous tests may be employed 
by the local application of 0.1 to 1.0 per cent solutions in the case of soluble com- 
pounds. Otherwise, small amounts of powders may be applied. Intracutaneous tests 
are more sensitive and may be conducted by the injection of 0.1 ml. of 1:100 to 1:1000 
sterile solutions; the reactions are usually of the immediate type. Patch tests may also 
be conducted employing solutions, powders or ointments of the compound and especially 
in cases of contact dermatitis. 

Cutaneous tests for suspected allergies to penicillin and streptomycin may be con- 
ducted with the powders or saline solutions of the compounds. For intracutaneous tests 
0.1 ml. of sterile solutions containing 1000 to 2000 units per ml. may be employed. 

Cutaneous and intracutaneous tests with the sulfonamide compounds have not been 
generally satisfactory unless exquisite allergic sensitization is present. Patch tests are 
probably to be preferred. The value of the “sulfonamide-containing serum method” of 
Leftwich (Bull. Johns Hopkins Hosp., 1946, 74:26) has not been fully determined. 

Since systemic reactions may follow the intravenous administration of diodrast 
for excretory pyelography, which are frequently disturbing and occasionally serious, 
Naterman and Robins have stated that natural allergy to this substance may be one 
cause for their occurrence. Consequently they advise that an intradermal test, consist- 
ing of the injection of 0.05 ml., should be done on all patients before diodrast is in- 
jected intravenously. A strongly positive reaction is characterized by the development 
of a wheal larger than 15 mm.; in such cases intravenous injections may give serious 
reactions and require that precautionary measures be taken. 


Part Six 
CHEMICAL METHODS 


COLORIMETRIC AND GASOMETRIC METHODS 


Principles. 1. The analytical methods used in the laboratory may be divided into 
four groups: (a) gravimetric, (b) volumetric or titrimetric, (c) colorimetric and (d) 
gasometric. 

2. A chemical method most desirable for the clinical laboratory is one that meets 
the following requirements: first, it must give results that are reproducible and have 
a degree of accuracy necessary for a correct clinical interpretation; second, it must 
require a size of sample that can be obtained without harm to the patient; and third, 
it must give the result in the shortest time since the speed with which information can 
be obtained is often of great value to the physician. A method of less precision is often 
used in order to obtain acceptable information as quickly as possible. Every laboratory 
must choose the chemical procedures that will enable it to act most efficiently. 

3. In the gravimetric method the substance is determined by weighing it after 
isolation, or by weighing a compound formed in a known chemical reaction involving 
the substance. Most of the chemical constituents occur in quantities too minute to be 
determined gravimetrically with the amount of sample available. Therefore, such 
methods are seldom used. However, since the standardization of colorimetric and 
titrimetric methods is based on the weighing of a pure chemical compound, the ana- 
lytical balance is the prime instrument in the laboratory. 

4. Volumetric (titrimetric) methods are based on the estimation of the volume of 
a chemical compound used up during the chemical reaction of this compound with a 
measured amount of sample. In titrimetric analysis volumetric flasks, pipets, burets, 
and graduated cylinders are employed. For good work one should always attempt to 
obtain the greatest accuracy with the instrument at hand. 

5. Graduated cylinders are used for measurements where a high degree of accuracy 
is not required. However, the graduations on cylinders made by reputable manufac- 
turers are placed with care so that these vessels when properly used are suitable for 
many ineasurements. 

6. The graduated Mohr (or serologic) pipet is used like the graduated cylinders 
for the delivery of amounts where the greatest accuracy is not required. 

The pipet of precision is the transfer pipet. This pipet may be calibrated for either 
drainage or blow-out delivery. For drainage, the tip is allowed to touch the side of the 
receiving vessel as delivery is completed, and a small amount of liquid remains in the 
tip. This method is considered by the Bureau of Standards as the most accurate way 
to use pipets, and most transfer pipets are calibrated to drain. 

For blow-out delivery, the small amount of fluid that remains in the tip is expelled 


by closing the upper end of the pipet with the forefinger and warming the bulb by 
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zripping it with the palm of the other hand. The air expanding in the bulb forces the 
last drop out the tip. Many chemists consider blow-out delivery better for the handling 
of biologic samples with widely varying viscosities. For pipets of less than 0.5 ml., 
blow-out delivery or delivery between two marks is to be preferred. Pipets that are 
calibrated “to contain” are used in the measurement of a sample when it can be 
diluted with a solution that can be used to rinse out the pipet. This is the most ac- 
curate way to measure small amounts of blood. 

The proper way to hold a pipet is between the thumb and second finger with the 
index finger (not the t#umb) on the top of the pipet. In bringing the liquid to the 
mark or delivering a small amount of fluid between two marks, rotate the pipet be- 
tween the thumb and second finger thereby allowing a small amount of air to leak 
in around the index finger. Do not try to pipet small aliquots of solution by tapping 
the index finger up and down on the top of the pipet. 

7. At present the laboratory can buy good volumetric apparatus from reputable 
companies. All apparatus for very accurate work should be calibrated. Pipets and 
burets are calibrated by weighing the distilled water they deliver under the same 
conditions for which they are to be used. In order to deliver amounts constant to 
within 1 part in 1000 it is necessary that the liquid flow at a sufficiently slow and 
steady rate so that the film is slight and constant. Volumetric flasks are calibrated 
to contain (not to deliver) a definite volume of liquid. The distilled water in such 
vessels is weighed in order to obtain the volume. In calibrating volumetric apparatus 
with distilled water it is necessary to know the temperature of the water. Table 66 
gives the weight and volume of water for use in the calibration of volumetric apparatus. 


TABLE 66. APPARENT WEIGHTS AND VOLUMES OF WATER WEIGHED IN AIR 
FOR USE IN CALIBRATION OF VOLUMETRIC APPARATUS. 


Weight of 1 ml. of Volume of 1 gm. of 
Temperature Water Water 
C. gm. ml. 
15 0.9979 1.0021 
16 78 DY 
Wy TE. 23 
18 75 25 
19 73 Py} 
20 UZ, 28 
21 70 30 
22 68 32 
23 66 34 
24 64 36 
Op 61 39 
26 59 41 
27 56 44 
28 54 46 
29 51 49 
30 48 52 
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Colorimetry depends upon the quantitative comparison of colors developed in 
unknown solutions with those of solutions of known concentration. It is based on 
Beer’s law which states that the light transmitted by a colored medium is inversely 
proportional to the concentration. In practice this linear proportionality is limited to a 
small range of concentration of a particular substance so that several comparison 
standards covering a wider range, are customarily used to attain greater accuracy. The 
standard may be composed of a solution of the substance to be analyzed and the colors 
developed in both unknown and standard simultaneously or they may be “‘permanent” 
colored solutions corresponding to known concentrations. Theoretically, the former 
type is more desirable since slight variations of temperature and time of standing will 
occur in both standard and unknown. However, “artificial” standards are often em- 
ployed and at times are more desirable, 
particularly if the standard solutions have 
poor keeping qualities. 

Apparatus. BLock Comparators. The 
block or rack comparator is used most fre- 
quently in the determination of certain sub- 
stances in the urine in which accuracy may 
be sacrificed for simplicity and speed. They 
are adapted for fixed types of examinations 
and employ series of graded, permanent, 
standards against which the color or turbid- 
ity of the unknowns are compared as, for 
example, in the phenolsulfonephthalein kid- 
ney function test employing the Dunning 
colorimeter. 

DILUTION COLORIMETERS. The dilution 

Fig. 360. Small Duboscq colorimeter. comparator employs a single fixed standard 

and the unknown is diluted until it matches 

this standard. The Sahli hemometer is of this type and, although more accurate than 

the block comparator, is rather inflexible in that it is adapted for specific determina- 
tions only. 

CoMPARISON COLORIMETER. The comparison colorimeter is commonly employed 
because it is capable of considerable accuracy as well as flexibility. In general it con- 
sists of an arrangement whereby the thickness of the colored solution may be varied 
in either or both the standard and unknown so that color intensities may be varied 
over a considerable range. One form of this type is the Duboscq colorimeter shown in 
Figure 360. 


DUBOSCQ METHOD OF COLORIMETRY 
1. The solutions to be compared are placed in glass cups which are raised by 
means of rack and pinion until the lower ends of the clear glass plungers are irmmersed 
in the fluid, the excess of fluid rising between the plungers and the walls of the cups. 
By raising or lowering the cups the layer of fluid between the lower ends of the 
plungers and the bottom oi the cups may be made of any desired thickness and the 
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thickness of each is indicated by a scale placed in a convenient position. Beneath 
the cups is a mirror which reflects light up through the cups and the long axis of the 
plungers into a series of prisms. These reflect the light from the two cups into a single 
field which is viewed by an eye lens. Each lateral half of the field receives its light 
through one of the cups. The raising or lowering of the cups, by diminishing or in- 
creasing the thickness of the layer of fluid through which the light passes, diminishes 
or increases the depth of color of the corresponding half of the field. 

2. Adjustment of the scales should be tested before an instrument is used. Raise 
the cups gently until their bottoms are in contact with the plungers. If the reading is 
not exactly zero on each side, the scales, which are movable upon most instruments, 
must be brought to accurate adjustment. In the absence of an adjustable scale, a 
correction must be made in the readings on each side, sufficient to indicate the true 
depth of liquid between the bottoms of the plungers and the top surfaces of the cup 
bottoms. The cups should be marked R (right) and L (left) and always used on the 
right and left sides respectively. !f there is more than one instrument in the laboratory 
the colorimeter and cups for that instrument should be marked for proper identity. 

3. Test for the equal transmission of light through both sides of the light field by 
placing the same colored solution in both cups, taking care that they are not filled so 
much that displacement of fluid by the plungers causes the cups to overflow. Raise 
the cups until both plungers are immersed, and are set to have the same depth. So 
place the colorimeter with respect to the light source that the same amount of light is 
reflected up through each cup. Either daylight or artificial light, filtered through day- 
light glass, may be used. In neither case should the light be too strong, or the readings 
will be less accurate. If both halves of the field do not match exactly, the position of 
the instrument may be shifted slightly in an attempt to make them match. If a match 
is still not obtained, something differs in the optics of the two sides. The most common 
source of error in this respect is bubbles under the plungers. 

4. After the colorimeter is correctly adjusted with respect to the light source, it 
should not be moved during the determinations. Empty the left hand cup and rinse it 
and the plunger with the standard solution, partly fill the cup, and raise it until the 
plunger is immersed, avoiding bubbles under the latter. Set the left cup at a convenient 
depth, usually 10, 15 or 20 mm., depending on the concentration, and adjust the 
depth of the right cup containing the unknown, until the 2 halves of the field have 
the same color intensity. Read and record the depth. For maximum accuracy make a 
number of readings and average the results, but guard against eye fatigue. Concen- 
trations of the two solutions are inversely proportional to their depth when the color 
intensities are equal, assuming that Beer’s law is followed. This relationship may be 
expressed by the general formula: 


reading of standard 


Concentration of unknown = X concentration of standard 


reading of unknown 

5. To express the results in relation to the concentration per 100 ml. of original 
sample, the basic formula must be modified by two further factors, namely, (a) the 
proportion of the quantity of the unknown used in the determination to 100 ml. and 
(b) the relative volumes to which the standard and unknown have been diluted for 
color comparison. These conditions vary with different determinations and the calcula- 
tions are given under the separate methods. However, the following example illustrates 
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the method employed. In the determination of nonprotein nitrogen the standard con- 
tains 0.15 mg. of nitrogen in a final volume of 50 ml. and the unknown, equivalent to 
0.5 ml. of blood (5 ml. of 1:10 dilution) is also in a final volume of 50 ml. If the 
standard is set in the left-hand cup of the colorimeter to a depth of 20 mm. and the 
unknown in the right-hand cup reads 24, then the concentration of unknown in mg. per 
100 ml. of blood is 

20 50 100520 600 

— X — = — X 30, or —. 

50 0.5 24 24 
Frequently, the calculation may be simplified by placing the wzknown instead of 
the standard in the left-hand cup which is then set at a depth selected according to the 
concentration of the standard so that its concentration is an even multiple of the 
setting. Thus in the nonprotein nitrogen determination, since the standard contains 
0.15 mg. in 50 ml. (the same volume as the unknown), if the unknown is set at 15 mm. 
then, using the same general formula, the concentration of the unknown per 100 ml. = 


reading of standard 
15 


X 0.15 X 200, which reduces to 2 X reading of standard. 


6. Results in colorimetric work are always most accurate when the unknown and 
the standard have nearly the same depth of color. 

7. Where light absorption after a color-developing reaction is most intense in a 
particular portion of the spectrum, it is sometimes advantageous to employ light filters 
transmitting only this part of the spectrum. Trouble caused by the absorption of light 
in other parts of the spectrum by foreign substances may thus be eliminated. 

8. The colorimeter is an instrument of precision only when it is kept free of dirt 
or other contamination. Avoid spilling strong acid and alkaline solutions on the 
instrument. All optical surfaces in the light path should be kept clean and free from 
dust and film. This precaution particularly applies to the mirror and to the bottoms 
of the cups and of plungers. Fingers are usually greasy, therefore never touch optical 
surfaces with them. Cups should never be set down with the optical surface in contact 
with the table top lest the surfaces be scratched. Set cups upside down on the table. 
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Principles. 1. The photoelectric colorimeter is based on the well known property 
of light to create an electric potential in a photoelectric cell. Since the current output 
of the cell depends upon the intensity of light reaching it, it follows that the cell will be 
affected not only by colored solutions interpossd between it and the light source, but 
also by turbid solutions as well. The light intensity is measured by means of an 
electric circuit which includes a resistance and a galvanometer. The indicator of the 
galvanometer swings over a scale indicating in arbitrary units the amount of current 
generated, or the galvanometer swing is controlled by a variable resistance and the 
amount of resistance is measured on an arbitrary scale. 

2. For strictly monochromatic light, the ratio of the intensity of light leaving a 
colored solution to that entering it is a logarithmic function of the concentration. In 
the commonly used instruments, monochromatic light is approximated by the use of 
light filters, covering a narrow band of wave lengths, and when the appropriate light 
filters are used it is usually found that Beer’s law for colorimetric procedure is valid 
over a much wider range than in the visual colorimeter. 


PHOTOELECTRIC METHODS OF COLORIMETRY 927 


3. If the photoelectric colorimeter is provided with a logarithmic scale the read- 
ings plotted against concentration on cross section paper will fall on a straight line. 
If the instrument is equipped with a unit scale, readings plotted against concentrations 
on semilogarithmic paper will form a straight line. 

4. In the first type of instrument the concentration of unknown solutions is ob- 
tained directly by multiplying the scale reading by the proper factor predetermined 
from a standard. In the latter type of instrument calibration curves must first be 
plotted on semilogarithmic paper for each procedure and, assuming constant condi- 
tions, values of unknown may then be interpolated from these graphs. 

5. Since the photoelectric cell is exceedingly sensitive to small light fluctuations, 
the light source must be constant. In the single cell type this is usually attained by 
employing a constant voltage regulator, if used on the house current, or a storage 
battery. In the twin cell type of instrument, line voltage fluctuations which would 
cause variations in the intensity of the light source are automatically compensated by 
the use of the double photoelectric cells which, once balanced, are equally affected 
by the light source. 


Fig. 361. Klett-Summerson photoelectric colorimeter. 


(Courtesy of Arthur H. Thomas Company.) 


Single Cell Type of Colorimeter. The Evelyn photoelectric colorimeter is of this 
type. It employs a single, barrier-layer type of cell and a light source of low intensity 
and voltage (storage battery) to avoid cell fatigue. The galvanometer swings are 
measured directly on an arbitrary unit scale and the comparison cells are calibrated 
test tubes. It is capable of high precision, being designed for constant reproducibility 
of results using semilogarithm graphs as indicated for this type of instrument. 

Twin Cell Type of Colorimeter, The Klett-Summerson photoelectric colorimeter 
(Fig. 361) is of this type. It is a self-contained unit which, because of the inherent 
compensating effect of the double photoelectric cell null-point principle, can be at- 
tached to any convenient source of alternating or direct current. Galvanometer swing 
is measured by a slide wire resistance with an attached logarithmic scale. Calibrated 


928 COLORIMETRIC AND GASOMETRIC METHODS 


test tubes are used for comparison cells and the concentration of the unknown is 
calculated directly from the scale reading by the use of a predetermined factor ob- 
tained from a standard which has been put through the same procedure. Or, as in 
visual colorimetry, the standard and unknown may be prepared for each determina- 
tion and readings made of both. 

The colorimeter may be placed in any convenient position in the laboratory that 
is free from extraneous mechanical vibration and the presence of corrosive fumes. 
There should not be a strong light overhead nor should direct sunlight be allowed to 
strike the colorimeter tube. 

The Klett-Summerson instrument is operated as follows: 1. With the light switch 
off (Fig. 362) attach the electric cord to any convenient outlet. Be sure that a light 


| FILTER KNOB 


FILTER 


LIGHT 
SWITCH 


Fig. 362. Diagram of Klett-Summerson photoelectric colorimeter. 


filter (F) is in place in the space provided for it between the lamp housing and the 
instrument proper. Give the short-circuit switch (H) a quarter turn so that the 
galvanometer is connected in the circuit. By turning the small knob (D) on top of 
the instrument, adjust the pointer (C) so that it coincides exactly with the line on the 
blank scale. These adjustments are made when the instrument is first placed and with 
the light off; the pointer setting usually remains unchanged for the same position of 
the instrument, although it is well to note that this is so each time before the lamp is 
turned on. Turn the scale by means of the large knob (A) until the scale reading at B 
is zero. 

2. Insert a colorimeter tube (E), containing about 6 ml. of distilled water, in the 
instrument and turn on the lamp switch. It will now be found that switching on the 
light has caused the pointer (C) to move away from the line. Turn the zero adjust- 
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ment knob (G) one way or the other until the pointer is again brought back to the 
line. Permit the lamp to burn for a few minutes to allow the instrument to reach 
equilibrium and again check the position of the pointer, bringing it back to the line 
with knob G if it has moved. This is called setting the zero, or zero reading. 

3. To read an unknown solution replace the distilled water tube with a colorimeter 
tube containing the unknown solution. This deflects the pointer and this time it is 
brought back to coincide with the line on the blank scale by turning knob A. Turning 
this knob moves a contact over a circular slide wire resistance to which a logarithmic 
scale is attached. The scale reading is the ‘‘reading of the unknown or standard.” The 
concentration of unknown is calculated by multiplying this scale reading (corrected 
for the reagent blank) by a factor obtained by dividing a known concentration of this 
same substance by the scale reading obtained for this concentration. The blank 
reading is obtained by running through the complete colorimetric procedure on a 
sample of distilled water. Both the blank and standard solutions should be run through 
the particular procedure in duplicate or triplicate and the values noted. Since ordi- 
narily they remain constant for the same set of reagents, these values need not be 
determined each time an unknown is processed. However, an occasional check on the 
constancy of the figures is advisable. 

4. The choice of light filters depends upon the particular analytical procedure 
being used. In general, the filter to be selected is the one which has a spectral transmis- 
sion opposite to that of the solution being measured, i.e. the filter which transmits 
the most light over the range where the solution absorbs most light. In this way 
maximum sensitivity is obtained. In some procedures, however, the colors produced 
(as in the unmodified Folin-Wu blood sugar method) would exceed the capacity of 
the instrument if such a filter were used, so that a filter is selected which absorbs in 
the same light range, thus affording a more satisfactory relationship between scale 
reading and concentration. It is also advisable at times to employ higher dilutions of 
sample than is customary with visual colorimetry in order to keep the resultant colors 
within practical range of the electric instrument. 

5. Photoelectric colorimeter tubes, as supplied by the makers of the instrument, 
are calibrated for equal light transmission if they are used with the identification mark 
facing the operator, since light transmission through a glass tube is variable around 
its circumference. For this reason not all test tubes of the correct diameter can be 
used as comparison tubes, but only those which will give the same readings with the 
same solution. The colorimeter tube must be kept scrupulously clean, both inside and 
out, and it is good practice, before inserting it in the colorimeter, to wipe off the 
outer surface with a lintless cloth to free it of finger marks, and to hold the tube up 
to the light to be sure that the solution is free of air bubbles. 

6. Since the final results depend on the accuracy with which the colors are 
measured, the advantage of a photoelectric instrument is evident, especially when 
yellow or yellow-brown colors are to be matched. 

7. Two or more analysts will always get the same results with the photoelectric 
instrument; such agreement is seldom possible with the visual type. 

8. The time element is of considerably greater significance in photoelectric meas- 
urement. In many methods color development is a function of time, a factor which 
may not be fully appreciated in visual colorimetry where comparison is made with a 
standard undergoing the same progressive changes as the unknown. In photoelectric 
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color comparison, each color is estimated separately and it is essential that such 
measurements be made at definite times within rather narrow limits. 
Spectrephotometric Method. With a spectrophotometer narrow regions on any 
part of the light spectrum can be isolated, thereby eliminating the need for a number 
of light filters. However, in analytical work many of the filter photometers are more 
convenient for the laboratory requirements than the more complex spectrophotometers 
which may require many more careful adjustments and thereby slow up the speed at 
which results can be obtained. The Coleman junior spectrophotometer (Fig. 363) has 


Fig. 363. Coleman junior clinical spectrophotometer. 


(Courtesy of Coleman Instruments, Inc.) 


proven to be a very convenient instrument for the clinical laboratory and with the 
number of adapters provided to hold various sizes of tubes or cuvettes, the instrument 
can be made suitable for all the colorimetric methods. Methods for constituents which 
have characteristic absorptions in the ultra violet or infra red region of the spectrum 
require more expensive instruments. 

Turbidimetric Methods. The ease with which observations on the degree of 
turbidity can be made makes such procedures very attractive. However, it is not easy 
sometimes to work out all the conditions necessary to reproduce particles of the same 
size and density. The chemist must be constantly on guard by the use of controls to 
be sure that reproducibility is accomplished. Turbidimetric measurements may be 
carried out by the same instruments used for the colorimetric measurement of sub- 
stances in solution. Comparison can often be conveniently made with a series of 
standards. These standards should be checked constantly against changes in the 
degree of dispersion of the particles. The use of photoelectric instruments has proven 
to be most sensitive and satisfactory for turbidimetric methods. 

Flame Photometry. In 1945, Barnes and others (Ind. & Eng. Chem., 1945, Anal. 
ed. 17:605) introduced an instrument which made it possible to analyze a solution 
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for sodium and potassium in a few minutes. With the growing reed for sodium and 
potassium determinations in clinical medicine this development came at an opportune 
time because the gravimetric and volumetric procedures for these elements are time 
consuming. In this instrument, known as the flame photometer, an aqueous solution 
of the element is atomized under reproducible conditions into the air intake at the 
base of a gas burner and the vapor is carried into the flame and ignited. At the rela- 
tively low temperature of the burner flame, many elements do not interfere. The 
intensity of the particular light characteristics of the element is measured by a photo- 
cell with the appropriate filter. By measuring the intensity given by solutions of the 
element of known concentrations under the same conditions, a curve can be obtained 


Linn 


Fig. 364. Beckman flame photometer. 
(Courtesy of Arthur H. Thomas Company.) 


relating the reading of the instrument with change in concentration of the element, and 
used in estimating the concentration of the element in an unknown solution. In appli- 
cation of this procedure to the determination of sodium and potassium in blood 
serum, Hald (J. Biol. Chem., 1950, 167:499) has shown that the accuracy obtainable 
with the flame photometer compares favorably with that obtained by the best gravi- 
metric and volumetric methods. With this instrument it is very important that adequate 
controls be run with each determination. As other substances present in the solution 
and in the air influence the results, it is advisable to standardize the instrument with 
a solution that has most of the constituents present in the unknown. As this is not 
always possible, results on some biologic materials may not be as accurate as on others. 
With the introduction of the internal-standard principle of spectrography, improved 
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instruments are now on the market which decrease the effects of foreign ions and 
molecules, of fluctuations of air and gas pressure, and of viscosity of solutions on the 
accuracy of the results. In this principle a known concentration of a salt containing 
an element having a known characteristic emission spectrum line that is different 
from the element being determined, is introduced into the mixture delivered to the 
flame. Lithium introduced as pure lithium sulfate is used as the internal standard for 
use in sodium and potassium determinations in blood serum. By this principle the 
internal standard is effected to the same extent as the element being determined by 
foreign influences and instead of measuring absolute intensities, the ratio between 
the intensities produced by the internal standard and the element is determined. This 
ratio is not influenced by the presence of these other factors. The flame photometer 
(Fig. 364) although expensive, should be a valuable adjunct to a busy laboratory. 


GASOMETRIC METHODS 


The apparatus developed by Van Slyke has become a standard instrument in 
every laboratory of clinical chemistry. Two forms of the apparatus are in use: the 
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Fig. 365. Extraction chamber of Van Slyke's manometric apparatus for blood gas determinations. 


(From Peters and Van Slyke, Quantitative Clinical Chemistry. Courtesy of Williams and Wilkins 
Company.) 


volumetric, in which a volume of gas is measured at known atmospheric pressure and 
the manometric, in which the pressure of the gas is measured at a constant volume. 
The apparatus was originally designed for the determination of the gases of blood 
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when only small samples were available. Methods have been developed for the de- 
termination of many blood constituents with the manometric apparatus, and it has 
also been found convenient for the analysis of respiratory air and other gas mixtures 
for which the Haldane apparatus had been almost universally used. 

The volumetric apparatus meets many of the requirements of the average labora- 
tory. The determination of blood gases, carbon dioxide and oxygen, can be completed 
in a short time with the degree of accuracy that meets the clinical requirements. The 
cost of the apparatus is considerably less than that of the manometric apparatus. 


i 


Fig. 366. Precision model of the Van Slyke gas analysis apparatus with water jacket and Stadie shaker. 
(Courtesy of Arthur H. Thomas Company.) 


The manometric apparatus, because of its greater accuracy and wider applicability, 
is becoming more popular. Gasometric methods have been developed for total nitrogen, 
ammonia, urea, amino acid nitrogen, calcium, sulfates, lactic acid, potassium, carbon, 
lipids and other substances. Many of these procedures are not convenient for the 
clinical laboratory; however, they furnish methods which do not require the prepara- 
tion and maintenance of accurate standard solutions. The manometric apparatus is 
the preferable type in the pediatric laboratory, because carbon dioxide and oxygen 
can be determined on smaller samples than should be used in the volumetric apparatus. 

Volumetric Apparatus. The volumetric apparatus (Fig. 368) consists of a 50 ml. 
extraction chamber with a three-way stop-cock at top and bottom. The upper part of 
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the chamber (called the stem of the pipet) is graduated for one ml. in divisions of 
0.02 ml. for the actual measurement of the extracted gas. In a later refinement of 
Van Slyke and Stadie (called the precision model) the stem was lengthened by de- 
creasing the bore and graduated in 0.01 ml. divisions (Fig. 366). Below the stem in a 
slightly wider portion of the chamber there are graduations at 1.25, 1.5, 2 and 2.5 ml. 
from the upper stopcock. The stopcock above the chamber, depending on the position 
of the bore, connects with a cup from which 
samples are delivered to the chamber or to a 
capillary tube which can be connected to a 
waste jar, and is used to remove the contents 
from the chamber. The lower stopcock con- 
nects either to a storage bulb which is used to 
hold reaction mixture when extracted gases 
are measured, or to a side-arm by which mer- 
cury may enter the chamber when solutions 
are stored in the bulb. The bulb and side-arm 
are connected at the bottom of the apparatus. 
The bottom of the apparatus is connected with 
heavy rubber tubing to a leveling mercury 
bulb which may be fitted with a side-arm for 
easier reading. The entire apparatus may be 
attached to a heavy iron stand with a clamp 
lined with rubber tubing and a saddle support 
for the lower stopcock. For convenience, how- 
ever, it is preferable to have the apparatus 
attached to a mechanical shaker with an elec- 
tric motor to run it. The apparatus should be 
provided with two clamps to hold the mercury 
leveling bulb (in position 1) at a place slightly 
above the upper stopcock, and (in position 2) 
at a level slightly below the lower stopcock. 
The bottom of the leveling bulb in position 2 
should be on the same level as the bottom of 
the apparatus. The rubber tubing connected to 
the mercury leveling bulb should be long 
enough so that the leveling bulb can be con- 
veniently held 80 centimeters below position 
Fig. 367. Van Slyke-Neill closed type mano- 2. Just above the lower stopcock there is a 

aut Slee ag graduation, 50 ml. from the upper stopcock, at 

(Courtesy of Arthur H. Thomas Com- ~.. i : 
pany.) which the level of the mercury is adjusted dur- 

ing gas extraction. The cup above the upper 
stopcock is graduated in 0.5 ml. divisions for 6 ml. 

Manometric Apparatus. The Van Slyke-Neill closed type manometric apparatus 
has almost universally replaced the open manometer type (Fig. 367). The 50 ml. 
extraction chamber is simplified over the volumetric chamber, having only three 
graduations from the upper stopcock at 0.5, 2.0 and 50 ml., and is enclosed in a water 


jacket to reduce the effects of temperature change. There is no stopcock at the lower 
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end of the extraction chamber. The extraction chamber is held securely to the 
manometer either by the heavy walled tubing supplied with the apparatus or by a 
mercury seal as illustrated in Fig. 365. When this connection is made glass should 


practically meet glass and the rubber tube should 
be short enough so that it is entirely surrounded 
by mercury. It is advisable to allow this connec- 
tion to sit a few days before the apparatus is 
used. Above the leveling bulb stopcock and over 
the four-way joint there is a stopcock where air 
entrapped in the machine can be released. 

The manometer tube is graduated in milli- 
meters and is closed with a stopcock at the top. 
The manometer is filled with mercury so that 
there is no atmospheric pressure on the mercury 
surface in the tube. Slight amounts of moisture 
get into the manometer tube and cause error 
from the changes in vapor pressure with change 
in temperature. To absorb the water vapor a few 
drops of dimethylene glycol or trimethylene 
glycol are admitted through the manometer stop- 
cock and allowed to flow into the manometer for 
a distance of about 10 centimeters. The mercury 
is slowly raised, leaving a film of the drying 
agent on the side, the excess is allowed to escape 
with a little mercury, and the upper stopcock 
sealed. This dehydrating agent is renewed when 
the following test shows that it is not functioning. 
When the extraction chamber is entirely filled 
with mercury, except for the moisture that is 
always on the walls, the level of the mercury 
in the apparatus is brought to the 2 ml. mark, 
after sealing the upper stopcock, by lowering the 
mercury leveling bulb and controlling the flow of 
mercury with the leveling bulb stopcock. If the 
drying fluid in the manometer is functioning the 
mercury surface in the manometer will be above 
that in the chamber by a height equal to the 
vapor pressure of water 15 to 25 mm. A mark 
should be placed by the manometer at the level 
of the 2 ml. mark as a convenience for this test. 

Precautions In Handling Blood Gas Ap- 
paratus. 1. When the apparatus is not in use the 
reaction chamber should be filled with water to 


Position Tf 


Position 2. 


Position 3 
{s 60cm below 
position 2 


Fig. 368. Extraction chamber of volumet- 
ric apparatus and positions of leveling 


bulb. 


(From Peters and Van Slyke, Quan- 
titative Clinical Chemistry. Courtesy of 
Williams and Wilkins Company.) 


the 50 ml. mark and the cup and top of the mercury leveling bulb should be capped 


to keep out dust. 


2. The stopcocks should be greased properly, avoiding excess, so that the flow 
through them can be controlled smoothly. When the stopcock must be forced in order 
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to turn, stop immediately and regrease it. When the cock at the top of the chamber 
needs greasing, always fill the chamber with water which can be used to dislodge any 
grease in the plug and force it out instead of permitting it to be drawn into the 
chamber and sticking to the walls along the scale in volumetric apparatus or at the 
graduation in the manometric apparatus. When the lower stopcock of the volumetric 
apparatus is lubricated, water is placed in the side-arm and bulb below the stopcock 
for the same purpose. The common commercial pipe cleaners are useful in cleaning 
bores of stopcocks. 

Lubriseal has proved very satisfactory for the lubrication of stopcocks. A Vaseline 
rubber lubricant can be made by using one part of nonvulcanized raw rubber gum, 
4 parts of Vaseline, and 1 part of paraffin. The rubber is cut into very small pieces 
and the mixture heated in an oven at 110° C. for 2 days with occasional stirring until 
the rubber disintegrates and the mass becomes uniform. The mixture is then heated 
with a micro burner for half an hour at 150° to 160° C. and strained through cotton 
gauze. 

The stopcock plug should always be handled at a short height above a desk 
(preferably wood) so that there is no chance of its slipping from greasy fingers and 
breaking. The stopcock must be absolutely clean before it is lubricated. This is 
accomplished with a towel soaked with a little ether. A thin layer of Vaseline is first 
applied to the core of the stopcock, and then a thin layer of the lubricant. The thin 
film is spread uniformly over the plug before it is placed in the shell. It is then turned 
without exerting pressure until the lubricated cock appears transparent and turns 
without effort. If high temperatures exist during the summer a grease containing less 
Vaseline and more rubber may be needed. Lubriseal has been modified for such con- 
ditions. Always keep the stopcocks properly lubricated. When the upper stopcock is 
properly ground and lubricated it should be possible to make a dozen or more determi- 
nations without regreasing. 

3. Do not allow the stopcocks to be in contact with alkaline solutions longer than 
necessary. 

4. Mercury is expensive and with care need not be wasted. The mercury in the 
waste jar and any spilled on desk or floor can be recovered, cleaned and used again. 

Mercury is heavy; therefore, when the leveling bulb is handled it must be grasped 
firmly and placed in the ring holders carefully, making sure that it is secure before it 
is let loose. 

Mercury forms amalgams with the noble metals; therefore it is suggested that all 
jewelry be removed before working with this apparatus. 

5. An apparatus that leaks is worthless. Before use, the stopcocks must be tested 
with a vacuum. The glass stopcocks will not hold a vacuum unless the bore of the 
cock and the leads above the cock are filled with mercury. Therefore a stopcock must 
never be placed under a vacuum without sealing it with mercury. The entire apparatus 
is filled with mercury by lifting the leveling bulb and the upper stopcock is sealed by 
running mercury through both outlets, and then closing it. The leveling bulb is now 
lowered and by keeping the upper stopcock closed, the lower stopcock is opened and 
the mercury allowed to drop to near the 50 ml. mark producing a vacuum in the 
chamber. If there is a leak, air will be sucked in and when the leveling bulb is again 
raised the mercury will not rise and strike the upper stopcock with the characteristic 
“metallic click” but will strike air which will cushion the noise. If there is air trapped 
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in the machine the process must be repeated until a noticeable noise is obtained when 
the mercury strikes the stopcock. If air continues to leak in, the stopcock must be 
taken out, cleaned, and regreased. 

The lower stopcock can be tested also by subjecting it to a vacuum and observing 
the presence of air when the vacuum is released. Perhaps a better procedure is to 
place about 0.5 ml. of air in the apparatus. In the case of the volumetric apparatus 
measure the volume of air by bringing the mercury in the leveling bulb to the same 
level as the mercury in the machine, and for the manometric apparatus by reading 
the manometer when the volume of air is 2 ml. The mercury is then lowered to the 
50 ml. mark as before and the air in the apparatus is then brought either to atmospheric 
pressure (volumetric machine) or to a volume of 2 ml. (manometric machine). The 
readings should be constant when this procedure is repeated. 

Cleaning the Apparatus. The chamber can be kept in fairly good condition by 
using one of the modern detergents. After the individual analyses special reagents may 
be found useful. Occasionally, it is well to leave the chamber full of chromic acid- 
sulfuric acid cleaning mixture. Care must be taken that the cleaning mixture never 
touches the rubber connection. 

To minimize diffusion through the rubber tubing a heavy wall ‘‘nitrometer” tubing 
should be used. The rubber connections should not have to be replaced oftener than 
once a year. 
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Care of Balance. 1. The balance should be located in a place of even temperature 
with no direct sunlight and where there is absolutely no vibration. It must be perfectly 
level as indicated by spirit-level or the plumb-bob provided with the instrument; if it 
is not, turn the adjusting screws at the right and left corners. 

2. The balance is provided with a case to protect it from dust and corrosion by 
fumes; therefore the window of the balance case should be tightly closed at all times 
except when objects or weights are being placed on and off the balance. It is also 
advisable to further protect the balance when not in use by a plastic covering that fits 
over the case. A camel’s hair brush about one inch wide should be provided for keeping 
the balance parts free from dust and chemicals. 

3. When the balance is not in use the device called the beam arrest must be so 
turned that the knife edges at the fulcrum of the beam and of the stirrups that hold 
the pans are lifted off their planes. The beam and pans must be supported in this 
manner when any object is placed on or off the balance or when any weight change 
is made. 

4, Objects which are to be accurately weighed should not be touched with the 
fingers but handled with crucible tongs, beaker tongs or other suitable tools. Always 
place the object to be weighed on the left-hand pan and the weights on the right-hand 
pan. Be careful to avoid spilling the substance to be weighed on the pans or on the 
floor of the balance case. When this happens remove at once by dusting carefully with 
a camel’s hair brush. Solids are always weighed in weighing bottles, on watch glasses, 
in aluminum pans or in small beakers and never directly on a balance pan or on filter 
paper placed on a pan. Liquids must be weighed in closed weighing bottles. Never set 
on the pan any vessel having moisture or chemicals on its outside surface for corrosion 
of the pan may take place. All objects weighed must be at room temperature. Warm 
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objects cannot be weighed accurately as they create currents of air that interfere with 
balance. 

Care of the Weights. 1. A balance of great precision is of little value without a 
set of good weights. These analytical weights must be treated with the greatest respect 
and care. The weights when not on the balance pan should always be in their proper 
place in the box. They should always be handled with the forceps provided and dust 
removed with the camel’s hair brush. Never handle the weights with the fingers. They 
should never be left on the balance pan. If a particular weight has lost the polish or 
luster do not attempt to restore it. 

2. Most sets of weights contain the following: 100 gm., 50 gm., 20 gm., 10 gm., 
10 gm., 5 gm., 2 gm., 1 gm., 1 gm., 1 gm., in brass and 500 mg., 200 mg., 100 mg., 100 
mg., 50 mg., 20 mg., 10 mg., 10 mg., 5 mg., and a rider equivalent to a 5 or 10 mg. 
weight in platinum or aluminum. The rider should be so shaped that it rests securely 
on the graduated beam and can be moved conveniently by the rod in the balance pro- 
vided for this purpose. The rider should be lifted off the beam when the balance is 
not in use. When the weighing is finished the empty places in the box and the rider 
position are noted and the weight recorded. This is confirmed by observation of the 
weights as they lie on the pan and may be reconfirmed by counting as weights are 
replaced in the box. Weights of good quality when new are accurate enough for most 
work, but it may be desirable and, for most accurate work essential, that the degree 
of error affecting the weights be known and redetermined from time to time. Good 
analytical weights, Class S of the Bureau of Standards, allow a tolerance of 0.15 mg. 
in the 10 gm. weight. In the calibration of weights, a standard 10-gram weight is best 
used. If a standard weight is not available, one of the 10-gram weights of the set can 
be chosen as a standard, and if all weighings are done with the one set of weights, 
no error in analytical work will be introduced by such arbitrary choice of standard. 

3. One of the 10 mg. weights is assumed to be correct, and provisionally corrected 
values of all other weights are worked out in terms of it. By using the sensitivity of 
the balance, as explained later, the corrected weight of the other 10 mg. weight is 
found to be, for instance, 9.97 mg. If when the 20 mg. weight is placed on the left 
pan, and the two 10 mg. weights are on the right pan, the correction is found from the 
shift of the zero point to be + 0.07 mg. and the weight of the 20 mg. weight is re- 
corded as 10.000 + 9.97 + 0.07 = 20.04 mg. Thus, provisionally calibrated small 
weights and the rider (also calibrated against the 10 mg. weight), are combined to 
weigh the next larger one. When all provisionally correct weights are worked out, 
these values are multiplied by a factor which makes the weight of the chosen standard 
10 gm. weight exactly 10.0000. For instance, if after calibration of all weights on the 
assumption that the 10 mg. weight is correct, the standard 10 gm. weight is found to 
weigh 10.0032 gm., all values should be multiplied by the fraction: 


10.0000 . 1 
Tr ooo 
10.0032 1.00032 


Details of the methods used for the calibration of weights may be obtained in the 
textbooks of analytical chemistry. 

Determination of the Zero Point. 1. The scale across which the pointer of the 
balance swings is usually divided into 20 divisions. If the midpoint on the scale is 
designated 0 (zero), points to the left are called minus and points to the right are 
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called plus. The pan arrest is first released and the beam is then carefully released so 
that the pointer indicates an excursion of about 5 divisions from the midpoint on the 
pointer scale. Readings, estimating tenths of the division, are then taken of the ex- 
treme points on the scale reached by the pointer on either side of the midpoint. These 
readings are called turning points. Two readings are taken on one side of the middle 
line and one reading on the other side. The first swing is always neglected. If, on 
carefully releasing the beam, the pointer does not move, the window of the balance 
should be raised and a movement of air created under one of the pans. The window 
should then be closed while the readings are taken. Some workers prefer to make 3 
readings on one side and two on the other. 

2. Examp te. After the pointer returns from its swing to the left the following data 
are obtained: 


Turning point on the right of the middle line 5.0 


Turning point on the left eZ 
Turning point on the right 4.6 
Turning point on the left 4.8 
Turning point on the right 4.3 


Calculation: the mean turning point on the right is 


te 1), Ont oA Oe 433 


ye 400 
oO 
The mean turning point on the left is 
— 5.2 + (— 4.8 
e he 5.0 


If the turning points had been equidistant from the midpoint the true zero point would 
be the midpoint on the scale. The zero point (the equilibrium point with the pans 
empty) or that point on the scale where the pointer would have eventually come to 
rest is the algebraic sum of the mean turning points divided by 2. 


PMA IGs Se —06 Oe 
Z, 


0.18 


of a division to the left of the midpoint (center of the scale). 

3. Before any series of weighings are made the true zero point should be deter- 
mined. Three sets of readings should be made and they should check within a 0.1 
division. To reach this degree of accuracy, the head must be kept in one position while 
making the readings. If the displacement of the zero point from the midpoint on the 
scale is greater than one scale division the balance should be readjusted. This adjust- 
ment is made by moving the screw nuts on the end of the beam. 

Sensitivity of Balance. The sensitivity of a balance is defined as the number of 
scale divisions by which the zero point is displaced by an increase or decrease in weight 
of one milligram, or otherwise stated, the weight required to cause one scale division 
displacement in the point of equilibrium. With increasing loads the friction on the 
knife edges increases and the sensitivity decreases, so that it is necessary to know the 
sensitivity for various loads, and determinations are made occasionally and values kept 
on a card in the balance case for the following loads: zero load, 1, 5, 10, 20, 50, 75, 
and 100 grams. The sensitivity is found by determining the variation made in the 
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equilibrium point when one milligram is added or removed in the counterpoising 
weights, noting the number of divisions by which the equilibrium point is changed, 
and then calculating the weight which would produce a variation of one scale division. 
A good analytical balance of 200 grams capacity has a sensitivity of 0.0001 when 
loaded. 

Methods of Weighing. The weights and rider can be adjusted through trial and 
error until the equilibrium point is made to coincide with the true zero point. This 
method is very time consuming. In making a number of exact weighings time can be 
saved by balancing the object being weighed to the nearest milligram and estimating 
the tenths of milligrams by noting the amplitude of the swings of the pointer. The 
weights are added on the right pan and the rider located on the beam to the exact 
milligram unit that allows the pointer to swing on the pointer scale. Under these con- 
ditions the equilibrium point is determined by the same method of swings that was 
used in determining the zero point. The number of divisions that the equilibrium point 
is away from the zero point is calculated. To determine the exact weight of the object: 
(1) Obtain the number of scale divisions that the equilibrium point is removed from 
the zero point. (2) Multiply this number of scale divisions by the sensitivity value 
(mg. per scale division) and this will give the weight in mg. which must be added or 
subtracted from the actual weights on the balance. For example, a watch glass is being 
weighed on a balance in which the zero point is +-0.3 and the sensitivity of the balance 
for a load of 5 grams is such that each scale division is equal to 1/2.3 mg. In order to 
balance the watch glass to the nearest milligram, a weight of 4.99 is placed on the 
right hand pan and the rider is at 8 mg., therefore the total weight is 4.998. The equi- 
librium point is determined by the method of swings and found to be +-1.5, which 
indicates that the load is a little light (the equilibrium point is to the right of the 
zero point). The pointer must be brought from +1.5 to +0.3 or through 1.2 divisions, 
which are equivalent to 1.2 & 1/2.3 or 0.52 mg. Therefore, the true weight of the 
watch glass is 4.998 plus 0.00052 or 4.99852 gm. When the zero point and the sensi- 
tivity of the balance over its working range are known, time can be saved in weighing 
a number of objects. 

Rapip Meruops. The procedures just outlined are too time-consuming for most 
ordinary work and there are several shorter methods by which almost equally accurate 
weighings can be made. It is important, however, with most of these that the analyst 
know his balance, particularly the sensitivity with various loads and the loss of ampli- 
tude taking place with each successive swing, and any method used should be occa- 
sionally checked by the longer procedure. 

With a balance where one can regulate the initial throw of the pointer almost at 
will, an easy method consists in determining the zero point in terms of one set of 
opposite consecutive extreme excursion points (eé.g., 4 divisions to the left and 3 divi- 
sions to the right) and then with load in place adjusting weights so that the pointer 
again moves to the same two points, or points near by such that the difference between 
the opposite consecutive excursions is the same as the difference between the zero point 
excursion values (¢.g., with excursions at the zero point of 4 to left and 3 to right, the 
loaded balance could be assumed to be in equilibrium at the zero point when the 
pointer makes excursions of 5 to the left and 4 to the right, or 5.3 to left and 4.3 to 
right, etc.). 

If the zero point of the unloaded balance has been adjusted to coincide with that 
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of the scale, in the final adjustment of weights the loaded balance can also be brought 
to this ideal zero point by causing the excursion of the pointer to the right to be a 
certain fraction of a division less than the preceding excursion to the left, this value 
being previously determined as one-half the loss in amplitude occurring during one 
complete cycle over approximately the same range of swing. 

In the method of equal swings the balance is adjusted so that the zero point is 
displaced to the right by half the amount of amplitude lost during one cycle. Then 
the weights are taken so that at the end of each swing to the right the pointer stops 
on the division corresponding to the starting point at the left. Any correction for 
known imperfect adjustment of zero point can be made by using the sensitivity values. 

Accessories. In the so-called “chainomatic” balance final weight additions of less 
than 100 milligrams are made by simple adjustment in the length of a movable gold 
chain and this makes for more rapid and convenient weighing than is possible with 
the rider system. Weighing accessories consist of a spatula, a pair of matched watch 
glasses, glazed paper squares, a pair of crucible tongs, weighing bottles of several sizes, 
a large and a small camel’s hair brush. A large feather cut to the shape of a flag on 
a staff is useful for transferring dry powders. When weighing is preceded by an ignition 
or hot drying operation, the object should be put in a desiccator while still warm, and 
after cooling there for twenty minutes or longer the weighing may be made. All objects 
must be at room temperature when weighed. 
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METHODS FOR THE PREPARATION OF STANDARD 
VOLUMETRIC SOLUTIONS 


Definitions. A standard solution is one in which the concentration of solute or 
substance dissolved is exactly known so that it can be used in quantitative chemical 
analyses. Strengths of solutions are expressed in various units, sometimes for a definite 
purpose and convenience. The commonly used expressions of concentrations are as 
follows: 

A molar solution (M) contains one molecular weight in grams of the dissolved 
substance in one liter of final solution (not in one liter of the solvent). 

A millimolar solution (mM) contains 0.001 molecular weight in grams of the dis- 
solved substance in one liter of final solution, or the molecular weight in milligrams in 
one liter of final solution. 

An equivalent weight (Eq.) of an element or compound is the weight in grams that 
will contain or will react with one atom of replaceable hydrogen (1.008 grams). An 
equivalent weight of HCl is 36.46 gm.; of H,SO,4 the molecular weight in grams 98.08 
divided by 2 or 49.04 gm. 

A milliequivalent weight (mEq.) of a substance is equal to 0.001 of an equivalent 
weight. 

A normal solution (N) contains one gram-atom (1.008 gm.) of reacting hydrogen 
in one liter of final solution. In acid-alkali titration one gram molecule or 36.46 gm. 
of HCl contains one atom of replaceable hydrogen. Therefore a normal solution of 
hydrochloric acid and a molar solution of this acid are identical. One gram molecule 
of H2SO, contains two replaceable hydrogen atoms in the usual acid-base titration; 
therefore a normal solution of this acid is only one-half as strong as a molar solution. 
When solutions are used for oxidation-reduction titrations, a normal solution contains 
one gram atom of oxidizable hydrogen or its equivalent in one liter of final solution. 
In the following reaction 


2 KMn0, ae 5 H2,C204 — 3 H.SO,4 ed K»SO4 ++ Z, MnSO, ++ 10 COs 8 H.O 


two molecules of KMnO, oxidize 10 atoms of hydrogen of oxalic acid. One molecule 
of the permanganate is equivalent to 5 oxidizable hydrogen atoms. A normal solution 
of permanganate for this reaction is one-fifth molar. 

The use of the term “normal solution” for a solution which contains an amount 
of electrolyte that has practically the same osmotic pressure as the particular animal 
or plant tissue for which it is used should be discouraged. A solution containing 0.85 
or 0.9 gm. of NaCl per liter should be called “physiologic saline solution” or “physio- 
logic salt or sodium chloride soluticn.” 
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Since there are slight changes in the volume of aqueous solutions with temperature, 
a normal solution should be used at a temperature close to that at which it was 
prepared. 

A molal solution contains one molecular weight in grams of a substance dissolved 
in 1000 grams of the solvent. This concentration is independent of changes in tempera- 
ture. Such solutions are not used in clinical laboratories. 

Percentage Solutions. For less accurately made stock solutions or reagents used 
in determinations where slight differences in concentration are not important, concen- 
tration of substance is expressed in percentage which always means grams of substance 
per 100 ml. of solution unless specifically stated in another unit, such as grams per 
100 grams of solution. By a 10 per cent solution is meant a solution containing 10 gm. 
of substance in 100 ml. of final solution. 

Normal and fractional normal volumetric solutions are not very stable; therefore 
they must be checked by titration if they have been standing for some time. Normal 
solutions may retain their strength for approximately 5 or 6 months; weaker solutions 
are less stable. Though a fractional normal solution can be made from a normal solu- 
tion with great accuracy by dilution, it is always a better procedure to check the new 
standard by titration. 
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Standard Hydrochloric Acid from Constant Boiling Acid. This solution is 
prepared by diluting concentrated hydrochloric acid of specific gravity 1.19-1.20 with 
distilled water (almost equal volume) until the density of the solution is 1.096-1.097 
at 25° C. The mixture (about 600 ml.) is placed in a liter distilling flask connected 
with a water cooled condenser. About three fourths of the mixture is distilled at the 
rate of 3 to 4 ml. per minute and discarded. The next 100 ml. of the distillate are 
collected in a dry glass-stoppered Pyrex bottle and the barometric pressure during this 
period is recorded. This fraction of the distillate has a definite composition which varies 
only with the barometric pressure at time of distillation. For example, a mixture pro- 
duced at a pressure of 760 mm. of mercury will contain 20.221 gm. of HCI per 100 gm. 
of solution. Table 67 gives the variation in composition with change in barometric 


TABLE 67. PREPARATION OF STANDARD HYDROCHLORIC ACID. 


Barometric Pressure Concentration of HCl Weight of Distillate Required to 
During Distillation by Weight Make One Liter of N/10 HCl 


mm. of mercury per cent grams 


620 20.560 17.719 
630 20.532 17.743 
640 20.504 17.767 
650 20.471 17.800 
660 20.438 17.824 
730 20.293 17.956 
740 20.269 17.977 
750 20.245 17.998 
760 20.221 18.019 


770 20.197 18.041 
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pressure and the weight of acid required to make a liter of N/10 hydrochloric acid 
solution. Tightly stoppered, this stock solution should keep indefinitely. 

N/10 Hydrochloric Acid Solution. A clean dry 50 ml. flask or a 30 ml. weighing 
bottle is weighed on the analytical balance. To the vessel is added the correct amount 
of constant boiling acid (weight of distillate for the pressure at which it was made). 
The acid is added or withdrawn from the container on the balance pan by means of a 
pipet and medicine dropper. Care must be taken to avoid the spilling of this strong 
acid on the balance. A clean glass rod is conveniently used for removing very small 
amounts by touching the tip to the acid and to the side of the vessel. With a funnel 
inserted in the neck of a one liter calibrated volumetric flask the weighed acid is 
transferred quantitatively, rinsing the container a number of times with distilled water. 
Bring the meniscus of the solution exactly to the mark on the flask by the careful 
addition of water from a pipet. Mix the contents in the flask thoroughly and store in a 
glass-stoppered bottle. This solution is only used as a primary standard. Likewise, an 
exact normal solution could be made by weighing out the same amount of acid, trans- 
ferring quantitatively to a 100 ml. volumetric flask and diluting to mark with distilled 
water. Standard hydrochloric acid for routine use is made up in the manner described 
on page 950. 

N/10 Oxalic Acid. Crystalline oxalic acid, H2C,04.2 H.O, is easily obtainable in 
a pure form that can be used for the preparation of a primary standard. Weigh out 
exactly 6.3034 gm. (molecular weight/20) of the reagent grade on an analytical bal- 
ance. Dissolve the crystals with distilled water in a 400-ml. beaker, transfer the solu- 
tion quantitatively to a liter volumetric flask and dilute to mark. Mix thoroughly 
before withdrawing any of the solution. This standard will keep for only a few days. 

N/10 Potassium Acid Phthalate. Potassium acid phthalate, KHCsH4QO,, can be 
obtained in a pure form and is highly recommended as a primary standard. The salt 
crystallizes without any water of crystallization, is not hygroscopic, and may be dried 
at 110-115° C. without danger of decomposition. The reagent-grade of this salt can 
be obtained from any of the well-known manufacturers of chemical reagents and is 
available from the National Bureau of Standards for a reasonable fee. 

Weigh out 10.207 gm. of dry potassium acid phthalate on an analytical balance and 
dissolve the crystals in about 200 ml. of distilled water. Transfer quantitatively to a 
500 ml. glass-stoppered volumetric flask, add distilled water to the mark and mix. 
This solution should be kept in a glass-stoppered Pyrex bottle and stored in the re- 
frigerator when not being used. It may be used to standardize alkali using phenol- 
phthalein as an indicator. This is both a 0.1 normal and a 0.1 molar solution because 
this salt, KHCsH,O,, can be considered an acid with one replaceable hydrogen when 
titrated with an alkali. 

If this solution is diluted with an equal volume of distilled water a 0.05 M phthalate 
solution with a pH value of 4.00 is obtained, a standard that is widely used in pH 
measurements. 

If phthalate solutions are handled with reasonable care they remain constant for 
many months. 

Normal Sodium Carbonate Solution. Sodium carbonate is a very popular source 
for a primary standard solution. It is not ideal because the finely powdered anhydrous 
solid is very hygroscopic and may take up appreciable moisture during the weighing. 
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The dry salt must be stored in a tightly stoppered vessel and exposed to the atmos- 
phere as little as possible. A good source of carbonate is from pure sodium bicarbonate. 
The latter salt, when heated to 270-280° C. (never over 300° C.) with frequent stirring 
with a platinum wire, is converted into a high grade anhydrous sodium carbonate in 
about a half-hour at this temperature. The dry carbonate is allowed to cool in a desic- 
cator, but while it is still warm it is transferred to the bottle in which it is to be 
stored. 

Weigh 5.3 gm. of this sodium carbonate on the analytical balance as quickly as 
possible. Make 100 ml. of solution by dissolving the salt in distilled water, trans- 
ferring quantitatively to a 100 ml. volumetric flask and bringing to volume with 
distilled water. 

Acids may be standardized with this solution using methyl red or methyl orange 
as an indicator. 

N/10 Sodium Oxalate for Standardization of Permanganate Solutions. Sodium 
oxalate (Sorensen salt) can be obtained in high purity. It is recommended for the 
standardization of permanganate over oxalic acid because it forms a stable solution. 
Dry about 10 gm. of pure salt, NasC.O,, in a drying oven at 105° C. for 3 to 4 hours. 
Weigh 6.7000 gm. (molecular weight divided by 20) on an analytical balance, dissolve 
in distilled water and transfer quantitatively to a liter volumetric flask. Add 30 ml. 
of concentrated sulfuric acid. Cool, dilute to the mark with distilled water and mix 
thoroughly. It should keep indefinitely. 

N/10 Potassium Iodate for Standardization of Thiosulfate Solutions. Potas- 
sium iodate, KIO3, can be secured in an extremely pure form and used as a primary 
standard. The salt should be dried to constant weight in a desiccator or in a drying 
oven (105° C.). Each molecule of this salt, when reacting with an excess of potassium 
iodide in the presence of acid, liberates 6 atoms of iodine: 


KIOns- 3 KU GHC = "GK Cl 30 6 E 


A liter of N/10 solution of iodate contains one sixtieth of a gram-molecule. Weigh 
3.567 gm. of KIO; on the analytical balance. Dissolve the salt in 200 ml. of distilled 
water, transfer quantitatively to a liter volumetric flask and dilute with distilled water 
to the mark. This solution should be stored in a glass-stoppered bottle in a cool place. 
It should keep indefinitely. 
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Principles. Solid sodium hydroxide always contains some carbonate and readily 
takes up moisture and carbon dioxide from the air. A standard solution of this alkali 
should not be made by dissolving a weighed quantity in the required amount of water. 
Fortunately, sodium carbonate is practically insoluble in a saturated solution of sodium 
hydroxide. Therefore, a stock saturated solution of the alkali should always be kept 
on hand for the preparation of standard solutions. 

Concentrated Solution of Sodium Hydroxide. 1. Weigh hastily in a Pyrex beaker 
on a pan balance, 1100 gm. (approximately) of the best quality (chemically pure) 
sodium hydroxide and place in a 2 liter Pyrex beaker or in a large porcelain dish. Add 
immediately one liter of distilled water and stir continuously until all the solid is dis- 
solved. The solution becomes very hot. Allow to cool. 
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2. Coat the inside walls and bottom of a suitable bottle, that can be tightly stop- 
pered, with a good layer of clean paraffin. The bottle should be clean, dry, and at a 
temperature of about 40° C. when the melted paraffin is introduced. The bottle is 
placed on its side and rotated slowly until the sidewall is uniformly coated with solid 
paraffin. It is now placed in an upright position and the excess paraffin forms a thick 
layer over the bottom of the bottle. A cork stopper is paraffined at the same time. 

3. After the solution has cooled to room temperature, it is transferred to the bottle, 
tightly stoppered and allowed to stand until the supernatant is perfectly clear. Sodium 
carbonate settles to the bottom and the clear liquid is used to make the standard solu- 
tions. This supernatant solution contains about 48 per cent NaOH by weight, has a 
specific gravity of 1.53, is between 18 and 19 normal, and will contain 70 to 75 gm. of 
NaOH per 100 ml. of solution. If a good stock of this solution is available in the 
laboratory it is very convenient to know the exact strength of the solution which can 
be determined by the following method. 

Standardization. 1. By means of a 5 ml. graduated pipet, measure very carefully 
5 ml. of the clear supernatant fluid into a one liter volumetric flask. This solution is 
very viscous and sticks to side of the pipet. Therefore, it should be allowed to flow 
very slowly and the outside of the pipet must be wiped thoroughly with a towel to 
prevent the viscous solution on the outside from entering the flask. It is best to use a 
pipet that delivers 5 ml. between marks and give it time to drain as completely as 
possible. Dilute to the mark with distilled water that has been recently boiled to remove 
dissolved carbon dioxide and mix. This solution should be approximately a 0.09 N 
solution. 

2. Measure exactly 25 ml. of the standard N/10 hydrochloric acid (page 943) 
with a transfer pipet into a 250 ml. Erlenmeyer flask, add about 50 ml. of distilled water 
and a few drops of indicator (a 0.5 per cent alcoholic solution of phenolphthalein). 

3. Place the diluted alkali solution in a 50 ml. buret graduated in 0.1 ml. The 
alkali is placed in the buret to avoid the exposure of a large surface to the carbon 
dioxide of the air. 

4. Titrate the acid with the alkali until a faint pink color is obtained. When phenol- 
phthalein is used as an indicator, the sodium hydroxide is allowed to fall into the acid 
in a fast stream without shaking and the observer watches the speed of disappearance 
of the red streak of the alkali, thus avoiding the introduction of COs. The first indica- 
tion of a faint pink color throughout the solution, which persists with one gentle swirl, 
is the end point. Continued shaking or stirring with a glass rod introduces carbon 
dioxide which in aqueous solution forms carbonic acid that decolorizes the solution. 

5. Calculation: 


a = number of ml. of diluted alkali used to neutralize 25 ml. of N/10 acid. 
Ng = normality of diluted alkali. 
25 y 
Xe a D6 10) I 
a 


N, = normality of the 5 ml. of concentrated alkali that was used to make the dilute 
alkali solution. 


_ Na X 1000 _ 25 X 0.1 x 1000 500 


Ne axs5 a 


Gm. of NaOH per 100 ml. of stock concentrated alkali = N, X 4. 
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6. To make any per cent solution of sodium hydroxide from the stock concentrated 
solution the following relationship is used: 


per cent NaOH desired X 100 _ : ; Re eaeneat 
gm. NaOH per 100 ml. stock ml. of stock solution to be diluted to 100 ml. with distilled 
water; for example, if the stock solution contains 73 gm. of NaOH per 100 ml. and a 10 per 
cent solution of sodium hydroxide is desired, then 

10 X 100 4 : 
ie ae a 13.7 ml. of stock concentrated NaOH diluted to a volume of 100 ml. with 


distilled water. 


N/10 Sodium Hydroxide Solution. 1. The laboratory should have a large bottle 
(at least 6 liters) of this solution ready for general use. If the stock concentrated solu- 
tion has been standardized by the method just given, the number of ml. of this stock 
solution needed for each liter of N/10 can be calculated. Ii it has not been determined, 
pipet 5.9 ml. of the clear concentrated alkali for each liter that is made and dilute with 
distilled water to the correct volume. It is desirable to have the solution slightly 
stronger than the strength desired because it is much easier to make the adjustment 
correctly by the addition of water than it is by the addition of concentrated alkali. 

2. To determine the exact strength of the solution, pipet 25 ml. of a standard N/10 
hydrochloric acid solution in a 125 ml. Erlenmeyer flask and add 2 drops of 0.5 per 
cent alcoholic phenolphthalein. Titrate the acid solution with the alkali in a 50 
ml. buret. As phenolphthalein, because of its alkaline end point, is sensitive to carbonic 
acid, the flask should not be stirred or shaken any more than is needed to mix the 
contents. The faint pink end point is not permanent and may fade because of absorbed 
atmospheric carbon dioxide. Repeat the titration until the results check within 0.1 ml. 

3. Calculation: as the N/10 acid was exact the N/10 factor (F) of the alkali is 
calculated as follows: 

ml. of N/10 acid _ 25 
~~ml. of alkali ml. of alkali 


If F is greater than one the alkali is stronger than N/10; if it is less than one the 
alkali is weaker than N/10: 


F X 1/10 = the normality of the alkali. 


There are some advantages in adjusting the solution to exactly N/10. The amount of 
distilled water that must be added for this purpose is calculated as follows: 


V = ml. of sodium hydroxide to be adjusted (the amounts remaining after the pre- 
vious titrations). 
T = ml. of hydroxide used to neutralize 25 ml. of N/10 acid. 
D =m. difference between T and 25. 
VX D 
AN; 


After the addition of the distilled water, mix until the solution is uniform and 
check by titration to be certain the solution is exactly N/10. 

4, This solution should be stored in a paraffin lined bottle or in a Pyrex bottle 
with a rubber stopper. It is sometimes convenient to have a siphon on this bottle. Its 
normality should be checked every two weeks. 

5. Weaker sodium hydroxide solutions may be made by dilution. It is important 
that water free of excess amounts of carbon dioxide be used for the dilution. 


= ml. of water to be added to the hydroxide solution of volume V. 
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6. The N/10 sodium hydroxide solution may also be standardized against a stand- 
ard solution of oxalic acid or against a standard potassium acid phthalate solution 
using the same amounts of solution as used in the titration of the N/10 hydrochloric 
acid solution. In the titration of these weak acids only phenolphthalein which shows 
color only at a pH above 8 must be used as the indicator. 

7. For the titration of strong mineral acids it is sometimes advantageous to use 
indicators like methyl red, alizarin red or methyl orange which change color at pH 
values below 6 and are, therefore, not sensitive to carbonic acid. The indicator that is 
used for later titrations should always be used in the standardization. 
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Standard Normal Sulfuric Acid. PrincrpLe. The commercial reagent grade of 
concentrated sulfuric acid is approximately 36 normal, specific gravity 1.84 and con- 
tains 94 to 95 per cent H.SO, by weight (gm. per 100 gm. of solution). This stock 
bottle must be kept tightly stoppered or the acid will dilute itself by absorption of 
water vapor from the air. In making a standard solution from the concentrated reagent 
a solution of sulfuric acid slightly stronger than normal is made and its normality is 
determined by titration. The calculated amount of distilled water is added to a meas- 
ured volume to make an exactly normal solution. The accuracy of dilution should 
always be confirmed by titration of the final standard. 

Inpicators. The indicator used depends on the primary standard employed in the 
standardization. If normal sodium carbonate solution is used the following indicators 
are suitable (the indicator to which the eye is most sensitive should be employed): 

Methyl orange (0.1 per cent). Dissolve 0.1 gm. of methyl orange in distilled water 
and dilute to 100 ml. 

Methyl red (0.4 per cent). Dissolve 0.4 gm. of methyl red in 95 per cent ethyl 
alcohol. 

Alizarin red (1 per cent). Dissolve 1 gm. of sodium alizarin sulfonate in distilled 
water and dilute to 100 ml. 

Congo red (0.5 per cent). Dissolve 2.5 gm. of Congo red in a mixture of 450 ml. 
of distilled water and 50 ml. of 95 per cent ethyl alcohol. 

If a standard normal solution of sodium hydroxide is available the acid may 
be titrated against this solution and phenolphthalein may be added to the list of 
indicators: 

Phenolphthalein (0.5 per cent). Dissolve 0.5 gm. of phenolphthalein in 50 ml. of 
95 per cent ethyl alcohol and dilute to 100 ml. of distilled water. 

PROCEDURE USING STANDARD NasCOsz SOLUTION FOR STANDARDIZATION. 1. In a 
two liter beaker containing about 1100 ml. of distilled water, slowly add 33 ml. (meas- 
ured in a graduated cylinder) of concentrated sulfuric acid while stirring. Cool to the 
temperature of the room and then transfer to a two liter glass-stoppered bottle. Mix 
thoroughly. 

2. When standard sodium carbonate is used it is more convenient to place the acid 
in a buret and titrate the alkaline solution. Under these conditions, the titration is 
made to the deeper color when methyl orange or methyl red is used as the indicator. 
Place the acid solution in a 50 ml. buret. 

3. Into a casserole or porcelain dish pipet accurately 20 ml. of the normal carbonate 
solution and add 2 drops of methyl orange (or of the other indicators previously listed). 
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In the absence of a white container, a 125 ml. Erlenmeyer flask can be used against a 
white background. 

4. Titrate with the acid until a faint pink color remains on stirring after the 
addition of a single drop (experience with the slight color change should be acquired). 
The titration should be conducted with three 20 ml. samples of the carbonate solu- 
tion and these should check within 0.1 ml. 

5. Calculate the normality and the dilution to make the solution exactly normal 
as follows: 


T = average of 3 titrations in ml. (estimate reading of buret to 0.01 ml.) 
X = normality of the acid 
W = ml. of distilled water to be added to a liter volumetric flask. 


7K) IS Il 
<—— 
at 
W =50 (20'—T) 


6. Place W ml. of distilled water in a dry liter volumetric flask; add the sulfuric 
acid solution to the mark. Mix thoroughly. Rinse out the buret several times with the 
new solution before filling it. Titrate as before. If the solution is correct, 7.e. exactly 
normal, 20 ml. will exactly neutralize 20 ml. of the sodium carbonate. If the average 
is less than 19.9 ml. redilute as before and confirm by titration. If the average is more 
than 20.1 ml., add several ml. of concentrated acid and repeat the preparation from 
the beginning. With careful titrations the solution may be used with the exact nor- 
mality included in the calculations. 

7. Titrations between 19.9 and 20.1 may be accepted as sufficiently accurate for 
most routine laboratory work. 

8. It is difficult to obtain uniform results unless a clean buret and pipet are used. 
They must drain without showing any sign of droplets on the side after delivery. If 
they are not clean time will be saved by cleaning them with a cleaning mixture. 

9. In filling a buret the tube below the stopcock must be perfectly filled and free 
from air bubbles. 

PROCEDURE UsING STANDARD NaOH SoLuTION FOR STANDARDIZATION. A standard 
sodium hydroxide solution made from concentrated stock and standardized against one 
of the primary standards (HCl from constant boiling acid, standard potassium acid 
phthalate or oxalic acid solutions) may be used. The alkaline solution should be placed 
in a buret and 20 ml. samples of the sulfuric acid measured into Erlenmeyer flasks. 
The same indicator used in the titration of the alkali with the primary standard should 
be used. 

Standard N/10 and N/100 Sulfuric Acids. If normal sulfuric acid is available, 
these standards may be prepared by accurately diluting the normal acid with distilled 
water. To make an N/10 solution, measure 100 ml. of normal acid (with a transfer 
pipet) and place it in a one liter volumetric flask. Dilute to the mark with distilled 
water and mix thoroughly. If normal sulfuric is not available, an N/10 acid may be 
obtained by using 2.8 ml. of the concentrated acid for each liter of N/10 acid made. 
This acid should be standardized with N/10 sodium hydroxide and adjusted in a 
manner similar to that used for the normal acid. 

N/12 Sulfuric Acid Solution. 1. Fill a dry 100 ml. volumetric flask with normal 
sulfuric acid and transfer to a one-half gallon glass-stoppered bottle. Fill the volu- 
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metric flask with 100 ml. of distilled water and transfer to the bottle. Fill a one liter 
volumetric flask to the mark with distilled water and add to the contents of the bottle. 
Mix thoroughly. This solution should be an N/12 solution. A safe procedure is to 
check the finished product by titration against N/10 sodium hydroxide, using phenol- 
phthalein as an indicator. As sulfuric acid is a strong acid, any one of the other indi- 
cators mentioned earlier may be used instead of phenolphthalein. When the latter 
indicator is used, take precautions against the introduction of CO, from the air. 

2. Place the standardized N/10 sodium hydroxide solution in a clean 50 ml. buret, 
rinsing several times with the alkali before filling it. Measure 20 ml. of the sulfuric 
acid into a 125 ml. Erlenmeyer flask and add a few drops of phenolphthalein. Titrate 
the acid with the alkali until the addition of a drop produces a faint pink color 
throughout the solution. Avoid excess shaking of the solution. The amount of alkali 
used should be 16.67 ml. if the alkali was exactly N/10. If more than this amount is 
required the solution is too strong and must be diluted with the proper amount of 
distilled water as follows: 


T = ml. of N/10 NaOH used for 20 ml. of the sulfuric acid solution. 
F = the factor of the N/12 sulfuric acid = 
Ren te eee 

2 P1667 

V = volume of acid to be diluted to make exactly N/12 acid 
W = ml. of distilled water to be added to volume V (in ml.) 


2 as (= )= 
w=(vx aG)-V=V 16.67 ey Ey) 


If the acid is too weak, i.e. the amount of alkali required was less than 16.67; it 
can be easily adjusted by adding the calculated amount of an N/10 acid as follows: 


16.67 


Normality of acid = 


X = mil. of exactly N/10 sulfuric acid which must be added to volume V of the titrated 
acid to produce an exactly N/12 acid.. 


shy eee ip ees 
12 16.67 (Ose ae? 
Solving for X, 

2 i = 

< ov tee =—5 (02) 


The strength of the adjusted acid should always be confirmed by titration. 
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Standard Normal Hydrochloric Acid. PrrncipLe. Commercial reagent grade of 
hydrochloric acid is about 12 normal with a specific gravity of 1.19 and contains be- 
tween 36 and 37 per cent HCl by weight (gm. per 100 gm. of solution). A solution 
of standard normal acid is made by diluting this acid with distilled water and deter- 
mining the strength by titration. 

REAGENTS. (a) Hydrochloric acid, concentrated, specific gravity, 1.19; (b) normal 
sodium carbonate solution or (c) normal sodium hydroxide solution. 

INDICATORS. Same as used for standardization of normal sulfuric acid. 

Procepure. |. Measure about 175 ml. of the concentrated reagent grade of hydro- 
chloric acid in a graduated cylinder. This should be done in a hood because the fumes 
may be very disagreeable. Pour the acid in a two liter glass-stoppered volumetric flask 
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and dilute to the mark with distilled water. This solution is slightly stronger than 
normal. 

2. If the strength is determined with standard sodium carbonate, the hydrochloric 
acid is placed in a 50 ml. buret, after rinsing several times with small amounts of 
the acid. If standardized normal sodium hydroxide is used, the alkali is placed in the 
buret. 

3. The titrations, calculations and adjustment of strength of acid to the exactly 
normal acid are the same as those outlined for sulfuric acid. 

Standard N/10 and N/100 Hydrochloric Acids. These acids may be prepared by 
diluting the normal acid with distilled water. The quantity of normal acid needed, one 
volume diluted to 10 volumes for N/10, one volume diluted to 100 volumes for N/100, 
should be measured carefully in a calibrated transfer pipet and delivered to the proper 
volumetric flask. The solution should be brought to the mark with distilled water, and 
thoroughly mixed. By this technic very accurate solutions can be made if the pipet is 
clean and dry and care is taken to bring the meniscus of the solution exactly to the 
mark. 


PREPARATION OF TENTH NORMAL POTASSIUM PERMANGANATE 
SOLUTION 


Principle. Although the crystals of potassium permanganate can be weighed accu- 
rately it is not practical to use this salt as a primary standard because the solution 
tends to become weaker on standing. A very low concentration of organic substances 
in the distilled water used for the preparation of the solution slowly reduces the 
permanganate. The potassium permanganate solution is prepared slightly stronger 
than is desired and allowed to stand undisturbed and tightly stoppered for a week 
before it is standardized with a sodium oxalate solution. 

Procedure. 1. Dissolve about 3.5 gm. of potassium permanganate in about 
1100 ml. of distilled water. Set aside in a tightly stoppered bottle for about one week. 
During this period the solution should not be disturbed so that any small quantity 
of manganese oxide formed may settle to the bottom of the bottle. 

2. Carefully siphon off the clear supernatant liquid into a dark brown bottle. 

3. Fill a 25 or 50 ml. buret with the permanganate solution. 

4. Accurately pipet 20 ml. of the N/10 standard sodium oxalate solution (page 
945) into a 500 ml. Erlenmeyer flask or into a porcelain casserole. Warm the container 
to 70-75° C. and titrate with the potassium permanganate solution until a faint pink 
color, that is given by the addition of a single drop, persists for one minute. If the 
titration is carried out slowly, the solution will become cool and the reaction slowed up. 
The solution in the flask should be kept at about 70° C. throughout the titration. The 
first few drops are decolorized very slowly but after that the permanganate may be 
added rapidly. 

5. Record the number of ml. of permanganate solution used in the titration. A 
check titration should agree with the first within 0.1 ml. 

6. The factor (F) for the permanganate solution is calculated as follows: 


20 
ml. of permanganate 


F for N/10 permanganate = 


1 
Normality of permanganate = To x F 


952 PREPARATION OF STANDARD VOLUMETRIC SOLUTIONS 


Many analysts consider it unnecessary to adjust the strength of the permanganate 
solution to exactly N/10 if the above titration shows it to be slightly off. 

7. The solution may be adjusted to exactly N/10 as follows: 

T = average titration in ml. 
W = ml. of water to be added to a one liter volumetric flask. 
W = 50 (20—T). 

Place W ml. of distilled water in a glass-stoppered liter flask. Add the perman- 
ganate solution to the mark. Mix thoroughly. This solution should be exactly N/10. 
The new solution should be checked by a titration as carried out before. It should take 
20 ml. of permanganate for the same amount of sodium oxalate solution. 

8. The permanganate solution should be kept in a dark brown bottle or one 
covered to keep out light. The solution may change after it has been freshly prepared 
but after standing the strength is generally constant. If it is not exactly N/10 the 
correction factor may be used. 


PREPARATION OF TENTH NORMAL SODIUM THIOSULFATE 
SOLUTION 


Principles. 1. Sodium thiosulfate solutions deteriorate on standing. This is stated 
to be due to decomposition of the salt by traces of CO, in the water, to bacterial 
decomposition, and to slow oxidation by dissolved oxygen. The purity and crystal water 
content are not sufficiently constant in the reagent grade of sodium thiosulfate to allow 
its use as a primary standard. The solution of thiosulfate should always be made with 
boiled distilled water, the solution made slightly alkaline and allowed to stand for 
several days before standardization. 

2. One molecule of sodium thiosulfate is oxidized by one atom of iodine which is 
equivalent to one atom of hydrogen. Therefore, a N/10 normal solution of thiosulfate 
will contain one-tenth the gram-molecule or 24.82 gm. in one liter of final solution. 

2 Na2S.03 + I, = 2 NaI + Nag540¢ 

Procedure. 1. Dissolve about 25 gm. of reagent grade sodium thiosulfate, 
NayS203.5 H2O, and 0.2 gm. of sodium carbonate (anhydrous) in 1000 ml. of recently 
boiled and cooled distilled water. Let stand for at least a few days. 

2. Thiosulfate solutions are best standardized with standard potassium iodate, 
KIOs, or potassium biniodate, KIO;.HIO3, solutions. With a pipet measure 25 ml. 
of N/10 potassium iodate solution (page 945) into a 250 ml. Erlenmeyer flask. Add 
about 10 ml. of a 10 per cent solution of potassium iodide and about 20 ml. of normal 
sulfuric or hydrochloric acid. 

3. Place the thiosulfate solution in a 50 ml. buret, rinsing the buret several times 
with a few ml. of the solution before filling. Iodine is liberated in this reaction: 


KIO, + 5KI + 6 HCl= 31,+3H,0+ 6KCl, 


4. The thiosulfate solution is delivered into the iodate solution until the iodine 
color has faded to a very pale yellow. One ml. of starch test solution is added and 
the titration continued until the discharge of the blue color. Theoretically it should 
take 25 ml. of the thiosulfate to produce this end point. The factor (F) of the solution 
is given by this relationship: 

25 


alucal shioailcae ae F for N/10 thiosulfate. 
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5. STARCH TEST SOLUTIONS. (a) Triturate 1 gm. of arrowroot starch with 10 ml. 
of cold distilled water and pour slowly with constant stirring into 200 ml. of boiling 
distilled water. Boil the mixture until a thin, translucent fluid is obtained. Allow to 
settle and use only the clear, supernatant liquid. Longer boiling than necessary renders 
the test solution less sensitive. The solution must be freshly prepared. 

(6) Another popular method for making a solution of starch is to suspend 100 gm. 
of pure corn starch (Kingsford’s) in approximately one liter of N/100 hydrochloric 
acid with shaking at frequent intervals for one hour. Decant the supernatant liquid 
after sedimentation. Wash twice, with one liter each time, with 0.05 per cent sodium 
chloride solution. Spread out and allow to dry in the air. Thoroughly grind 15 gm. of 
this washed starch in a mortar with 50 ml. of distilled water and pour into 900 ml. 
of boiling distilled water. Boil for 4% to 1 minute without agitation. Cover the mouth 
of the flask with a beaker and set in a boiling water bath for 15 to 30 minutes. A few 
drops of this solution are sufficient for a titration. 

(c) A one per cent solution of a high grade soluble starch (Merck’s soluble starch) 
in cold distilled water has been also successfully employed for icdometric titrations. 
Most starch solutions deteriorate quickly on standing with the growth of molds. The 
solution of Pincussen, which is made by dissolving 1 gm. of soluble starch in 10 ml. 
of boiling distilled water and adding 90 ml. of saturated sodium chloride solution, 
keeps satisfactorily. 

6. Standard thiosulfate solutions weaker than N/10 are best made by diluting the 
N/10 standard with freshly boiled distilled water with an appropriate pipet and 
volumetric flask. If kept over a day these solutions should be checked with a diluted 
standard made from the potassium iodate primary standard. 

7. If the laboratory has a good supply of standard N/10 potassium permanganate 
that has been checked with the N/10 sodium oxalate primary standard, the perman- 
ganate solution can be used to standardize the thiosulfate solution. Two grams of 
reagent grade potassium iodide (free of iodate) are dissolved in a little distilled water 
in an Erlenmeyer flask and acidified with 5 ml. of approximately 2.5 N hydrochloric 
acid. Twenty-five milliliters of N/10 potassium permanganate solution are measured 
in a transfer pipet and added to the Erlenmeyer flask with the following reaction: 


10 KI + 16HCl + 2 KMnO, = 12 KC1+ 2 MnCl, + 8H,O +51). 


The free iodine is titrated immediately with the thiosulfate solution. The reaction and 
calculations are similar to those where iodine was freed from iodide by iodate. 

8. The thiosulfate solution can also be standardized by using a N/10 potassium 
dichromate solution (that also liberates an equivalent amount of iodine from potas- 
sium iodide in acid solution) prepared as follows: dissolve 4.9035 gm. of reagent 
potassium dichromate (K2Cr,07), which has been pulverized and dried to constant 
weight at 120° C., in sufficient water and transfer quantitatively to a one liter volu- 
metric flask, dilute to the mark with distilled water and mix thoroughly. 

Because of the inconvenience of preparing standard iodine solutions by weight and 
their instability over a period of time, the N/10 iodine solution is not recommended 
as a primary standard for the standardization of thiosulfate solutions. 
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PREPARATION OF TENTH NORMAL IODINE SOLUTION 


1. About 30 gm. of potassium iodide are dissolved in about 100 ml. of distilled 
water. 

2. In a weighing bottle, weigh out 13 gm. of crystalline iodine and transfer to a 
one liter volumetric flask. Wash out the weighing bottle with some of the iodide solu- 
tion and pour it and the remainder of the iodide solution into the volumetric flask in 
such manner that any crystals of iodine adhering to the neck will be washed into the 
body of the flask. 

3. The contents are now shaken until all the iodine has dissolved and then diluted 
to the mark with distilled water. 


4. Standardize by titrating 20 ml. with a thiosulfate solution in the manner 
described for the standardization of the thiosulfate solution. 


5. The factor for the iodine solution = 


ml. of 0.1N thiosulfate used 
ml. of iodine solution 


PREPARATION OF FIVE PER CENT PHENOL SOLUTION 


Tenth Normal Bromine Solution. Dissolve 3 gm. of potassium bromate and 
50 gm. of potassium bromide in sufficient water to make 1000 ml. Ascertain its exact 


strength by titrating 25 ml. against 70 sodium thiosulfate solution after the addition 


of 5 ml. of 20 per cent potassium iodide and 5 ml. of concentrated hydrochloric acid. 
Calculate the factor for the bromine solution from 


ml. of 0.1N thiosulfate ; ; 
= : —— = factor for the bromine solution. 
25 ml. of bromine solution 


Preserve in an amber bottle in the refrigerator. 
Procedure. Dissolve about 55 gm. of phenol in distilled water in a liter flask and 
dilute to the mark. Ascertain its exact strength as follows: Place 1.0 ml. of the solution 
N 


in 250 ml. glass-stoppered Erlenmeyer flask. Add from a buret 50 ml of the 10 


bromine solution and, from a cylinder, about 5 ml. of concentrated hydrochloric acid. 
Immediately insert the stopper. Shake the flask repeatedly during half an hour, keeping 
it away from direct sunlight. Let stand 15 minutes, remove the stopper sufficiently to 
allow the quick introduction, from a cylinder, of about 5 ml. of 20 per cent potassium 
iodide solution and at once stopper the flask. Shake thoroughly, remove the stopper 


and rinse it and the neck of the flask with a little distilled water. Add = sodium 


thiosulfate from a buret, rapidly at first, then more slowly, as the iodine color begins 
to lighten. When the color becomes a paie yellow, add 1 ml. of starch solution and 
continue the addition of the thiosulfate drop by drop, with continual shaking until 
the complete discharge of the blue color. Note the number of ml. of thiosulfate solution 
used. 
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Calculation. (ml. of bromine < factor) — (ml. of thiosulfate & factor) — ml. of 
Ni 
ae utilized by 1 ml. of the phenol solution. 


N a 
ml. of i0 bromine utilized X 0.157 = gm. of phenol per 100 ml. 


It will usually be found that the strength is slightly over 5 per cent. Therefore, 
according to the strength found, add distilled water to the phenol solution sufficient 
to make it exactly 5 per cent. Check this strength by repeating the titration twice. 
Take the average result. For use in the phenol coefficient test its strength should be 
Sper cent = 270.05, 


PREPARATION OF PHYSIOLOGIC SALINE SOLUTION 


Principles. 1. Physiologic saline solution, or normal saline, also known as 0.85 
per cent sodium chloride solution for intravenous use, must be a sterile solution con- 
taining 0.85 per cent of sodium chloride, chemically pure, in distilled water. The solu- 
tion must be free of any minute particles and foreign chemicals. For the preparation of 
the solution the water must be freshly distilled. 

2. The principle of this method consists of the preparation and standardization, 
by means of a chemical titration, of a 13.6 per cent sodium chloride solution which 
is made once a week and is known as the stock saline solution. This solution is diluted 
each day with fresh distilled water, 1 liter of it to 15 liters of water, thereby obtaining 
a 0.85 per cent solution of sodium chloride known as the physiologic saline solution. 
This saline solution is also titrated to determine its per cent of sodium chloride, 
thereby checking any error that might have been made in diluting the stock saline 
solution. Both stock and physiologic solutions are mixed in their preparation by 
drawing air through them, using a filter pump, water jet form, marketed by A. H. 
Thomas Co. The air is washed by drawing it through soda lime, a weak sulfuric acid 
solution and finally distilled water. An empty flask is placed between the suction pump 
and the solution being mixed, as a precaution against the filter pump ‘“‘back firing.” 

3. Stock and physiologic solutions are filtered by means of sintered glass filters, 
no paper filters being used at any time. A sintered glass filter consists of a disk of 
porous glass sealed in the mouth of a funnel. The filter is immersed in the solution 
to be filtered, the end of the neck of the filter is connected by means of rubber tubing 
to a perforated rubber stopper in the mouth of an empty carboy in which a vacuum is 
created by means of the filter pump, the filtrate being drawn through the neck of the 
filter, the rubber tubing and into the empty carboy. 

4. The physiologic saline solution having been standardized and filtered, is bottled 
in Pyrex Erlenmeyer flasks. Each flask is labeled with permanently baked-in letters. 
The flasks are stoppered with a paper cap or hood, the skirt or side of the cap com- 
pletely covering the neck of the flask. The cap is held firmly around the neck of the 
flask by means of 2 wire loops that are tightened by twisting, using a tool such as is 
used in tightening the wire on a champagne bottle. The operation of tightening the 
wires requires but a few seconds of time. Each cap is stamped on the top with the date 
that the solution was made. 

5. The flasks are then placed in large wire baskets capable of holding eight 2 liter 
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flasks, each flask being in a separate compartment. Each flask of solution is then 
sterilized within a few hours after its preparation. 

Stock Saline Solution. 1. A 13.6 per cent solution of chemically pure sodium 
chloride and freshly distilled water is prepared once a week. Ten liters are prepared 
in a 5 gallon Pyrex carboy. The solution is mixed by drawing air through it as just 
described. Its exact sodium chloride content is determined by means of a chemical 
titration which will check any error in weighing or dilution. This stock saline solution 
can be safely kept for a week or even longer as no bacteria will grow in it due to its 
high concentration of sodium chloride. 

2. REAGENTS. (a) Silver Nitrate Solution. Weigh on an analytical balance 39.529 
gm. of silver nitrate, dissolve in distilled water and dilute to a volume of 100 ml. 
Keep in a glass-stoppered brown bottle. 

(6) Ammonium Thiocyanate Solution. 180 grams of ammonium thiocyanate are 
dissolved in distilled water and diluted to a volume of 1 liter. This solution must be 
standardized against the stock silver nitrate solution, so that 1 volume of it will 
be equivalent to 1 volume of the silver solution. This is accomplished by pipetting 
15 ml. of stock silver nitrate solution into a 250 ml. Erlenmeyer flask to which is added 
15 ml. of concentrated C.P. nitric acid, 0.3 gm. of powdered ferric ammonium sulfate 
and approximately 30 ml. of distilled water. A 25 ml. buret is filled with the stock 
ammonium thiocyanate solution which is slowly titrated into the Erlenmeyer flask 
until a salmon pink end point is obtained that will persist for 15 seconds. If the buret 
reading is 15 ml., the stock ammonium thiocyanate is correct. If less than 15 ml. were 
used the thiocyanate solution is too concentrated and must be diluted using the 
formula: 


volume NHyCNS 


titer x (15 — titer) = ml. of distilled water to be added. 


If the reading of the buret was greater than 15 ml. then the stock thiocyanate 
solution is weak in concentration and ammonium thiocyanate must be added using the 
formula: 


volume NH,CNS ' : . 
ese T X (titer — 15) X 0.18 = grams of ammonium thiocyanate to be added. 

3. Titration. Into a 250 ml. Erlenmeyer flask pipet 10 ml. of stock saline solution, 
15 ml. of the silver nitrate solution and 15 ml. of concentrated C.P. nitric acid. 
Add 0.3 gm. of powdered ferric ammonium sulfate. Allow the flask to stand 5 minutes 
in a dark place, then titrate with the stock ammonium thiocyanate solution. If the stock 
saline solution is of a correct concentration then 10 ml. of it will combine with 10 ml. 
of the stock silver nitrate solution, therefore requiring 5 ml. of the stock ammonium 
thiocyanate solution to bring the titration to the proper end point. If less than 5 ml. 
of the thiocyanate solution were used the stock saline solution is of too strong a con- 
centration and is diluted, using the formula: 


volume stock saline sol. ; ~~ 
10 Pah oe titer ant . distilled water to be added to the stock saline 
solution. 
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If more than 5 ml. of stock ammonium thiocyanate solution was required for the 
titration then the stock saline solution is weak in concentration and must be strength- 
ened with sodium chloride using the formula: 


volume stock saline sol. 


10 xX (titer — 5) X 0.136 = gm. of sodium chloride to be added to the 


stock saline solution. 

After the stock saline solution is found to be of the correct concentration, it is 
filtered through the sintered glass filters as described earlier and is then ready for 
dilution to make standard saline solution. 

Physiologic Saline Solution. 1. Using a one liter volumetric flask transfer 1 liter 
of stock saline solution to a 5 gallon Pyrex glass carboy, then add 15 liters of freshly 
distilled water, and mix the solution by drawing air through it for about 20 minutes. 
This solution is physiologic saline solution and should contain 0.85 per cent of sodium 
chloride. To check any error that might have been made it is titrated with reagents 
similar to the ones used in titrating the stock saline solution, except that these reagents 
are weaker in concentration and are called “standard solutions” to differentiate them 
from the stock solutions mentioned earlier. 

2. Prepare the following reagents. (@) STANDARD SILVER NITRATE SOLUTION. 
Weigh on an analytical balance 2.47 gm. of C.P. silver nitrate, dissolve in distilled 
water and dilute to a volume of 100 ml. Keep in a glass-stoppered brown bottle. 
Of this solution 1 ml. is equivalent to 1 ml. of 0.85 per cent sodium chloride solution. 

(6) STANDARD AMMONIUM THIOCYANATE SOLUTION. Dissolve 11.25 gm. of C.P. 
ammonium thiocyanate in distilled water and dilute to a volume of 1 liter. This 
solution must be standardized against the standard silver nitrate solution in the same 
manner that the stock ammonium thiocyanate solution was standardized against the 
stock silver nitrate solution, z.e. 15 ml. of standard silver nitrate are pipetted into a 
250 ml. Erlenmeyer flask to which is added 15 ml. of concentrated nitric acid C.P. and 
0.3 gm. of powdered ferric ammonium sulfate. Approximately 15 ml. of distilled water 
are added. The flask is mixed and kept in a dark place for 5 minutes. Fill a 25 ml. buret 
with the standard ammonium thiocyanate solution and titrate into the flask to a 
salmon pink end point. If the buret reading is 15 ml. the thiocyanate solution is 
correct and 1 ml. of standard ammonium thiocyanate solution is equivalent to 1 ml. 
of standard silver nitrate solution. If less than 15 ml. of the thiocyanate solution was 
used it is too strong in concentration and must be diluted with distilled water using 


the formula: 


volume NH,CNS _ (15 — titer) = ml. distilled water to be added to standard ammonium 
titer thiocyanate solution. 


If more than 15 ml. of thiocyanate solution were used, it is weak in concentration 
and ammonium thiocyanate must be added using the formula: 


volume SNELENS (titer — 15) X 0.01125 = gm. ammonium thiocyanate to be added to 
titer the standard ammonium thiocyanate solution. 


These standard reagents are now ready for use. 
3. TrrrATION. Pipet 20 ml. of physiologic saline solution into a 250 ml. Erlen- 
meyer flask, add 25 ml. of standard silver nitrate solution, 15 ml. of concentrated nitric 
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acid C.P. and 0.3 gm. of powdered ferric ammonium sulfate. Mix and allow to stand 
in a dark place for 5 minutes and titrate with standard ammonium thiocyanate solution 
to a salmon pink end point. If the reading of the buret is 5 ml. the saline is of the 
correct concentration. If the reading is less than 5 ml., the saline solution is strong in 
concentration and must be diluted with distilled water using the formula: 


total volume of saline 


0 xX (5—titer) = ml. of distilled water to be added to the physiologic 


saline solution. 


If more than 5 ml. of standard ammonium thiocyanate solution were used, the physio- 
logic saline solution is weak in concentration of sodium chloride and more stock saline 
solution must be added using the formula: 


total Volume of saline , (iter) ml. of stock saline solution to be added to the physiologic 


saline solution. 


If it was necessary to make any adjustment to the physiologic saline solution it must 
be mixed by drawing air through it and again titrating to make certain that it is of the 
correct concentration. 

The physiologic saline solution is then filtered through the sintered glass filters 
and is ready for bottling. 

4. DispeNsinc. The physiologic saline solution is dispensed by syphoning it into 
a volumetric flask of the desired volume and then pouring the contents into a perma- 
nently labeled flask, which has been thoroughly washed with hot water and soap and 
rinsed with tap water and finally, distilled water. The flasks are capped immediately 
in order that no dust particles may enter. The caps are held in place by means of 
2 wire loops, 1 at the upper and 1 at the lower part of the skirt of the cap. The loops 
are tightened by means of a hook on the end of a twisted rod, on which a nut, in the 
form of a handle, is screwed. The operator holds the handle and pulls, thereby turning 
the rod and likewise twisting the wire loop. Each flask must be examined before it 
leaves the laboratory for the sterilization room where it is autoclaved a short time 
after its manufacture. The paper caps can be stamped with the date of manufacture. 
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METHODS FOR CHEMICAL EXAMINATIONS 
Oe WUnl= ij Kore)p, 


CLEANING OF GLASSWARE 


1. Glassware after use in chemical analyses should be thoroughly rinsed with tap 
water as soon as possible. In most cases all apparatus, except burets and pipets, is best 
cleaned by scrubbing with a solution of one of the modern detergents. Do not use soap 
solutions. Soap and tap water leave a greasy film of insoluble calcium and magnesium 
soaps on the glass which are only removed by vigorous scrubbing with a brush. The 
modern detergents do not form precipitates with calcium and magnesium ions. The 
glassware after cleaning should be rinsed thoroughly with tap water followed by 
distilled water. When using distilled water, it is much better to rinse with small portions 
three or four times than with one large portion. 

Generally, glassware may be set aside to drain and dry. However, an air drying 
oven is a great convenience for drying glassware and for removing moisture from 
chemicals that are used for preparing standard solutions. Never dry the inside of a 
vessel with a cloth or towel. A piece of apparatus can be dried quickly by rinsing two 
or three times with small amounts of alcohol followed by rinsing once or twice with 
small amounts of ether. Instead of alcohol and ether some chemists prefer rinsing with 
acetone alone. In either case, a current of clean air may be used for hastening the 
evaporation of the solvents. The air must be free of moisture and oil droplets. For 
this reason a suction pump is used that draws air through the apparatus rather than 
compressed air which is liable to be contaminated with oil and grease. In some instances 
it is better not to dry the apparatus but to rinse it several times with small amounts 
of the solution to be used. 

2. No method for the proper cleaning of burets and pipets excels the use of 
bichromate-sulfuric acid cleaning mixture. It removes the last traces of a very fine 
grease-like film and allows solutions to drain uniformly from the vessels without 
leaving droplets of solution along the sides. This cleaning mixture, however, may not 
remove all foreign substances and should not be used routinely on every piece of glass- 
ware. Its action is to oxidize; therefore it works best in bringing reducing agents into 
solution. If the contaminant on a laboratory dish is known, it is sometimes advan- 
tageous to clean with a solvent of the material. It is not necessary to clean all beakers, 
volumetric flasks, evaporating dishes and other glassware with the cleaning mixture 
after each use. 

3. This mixture consists of strong sulfuric acid saturated with potassium or sodium 
dichromate. It must be handled with great care since it is extremely corrosive to tissue, 


clothes, furniture and books. It is prepared as follows: 
959 
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Dissolve from 5 to 15 gm. of technical potassium or sodium dichromate in as little 
water as possible and add 500 ml. of concentrated sulfuric acid. This is a concentrated 
cleaning mixture and left exposed to the atmosphere will absorb moisture and gradually 
dilute itself. There are many directions given in the literature for the making of this 
mixture. Another formula widely used is the addition, with stirring, of 1500 ml. of 
concentrated sulfuric acid to a solution made by dissolving 200 gm. of technical sodium 
dichromate in 100 ml. of water. This solution should be used on dry apparatus or the 
salt will precipitate out. Dilute cleaning mixture can be made as follows: 


Potassium: dichromatesae sens ea aero rae 100 gm. 
Goncenttavedssuliuntcnacl deans anne eee erro 250 ml. 
Waiter Marc! en. a eR te Sy Coe int NO rd, sp oan ny a pe 750 ml. 


The concentrated sulfuric acid should be poured into water. The glassware must be 
left in this dilute solution for a longer period of time. 

4. To clean a buret pour a volume of the cleaning mixture greater than the capacity 
of the buret into a beaker. Invert the buret so that the top end is well immersed in 
the mixture. Place a long rubber tube on the delivery tip of the buret and clamp the 
buret in a stand. Suck the cleaning solution up above the last graduation on the buret 
but a few centimeters below the stop-cock. It is not necessary to run the cleaning 
mixture through the stop-cock or into the tip. The stop-cock can be cleaned with a 
little ether. 

5. A pipet can be cleaned by filling it above the graduations with cleaning mixture 
and leaving it in a horizontal position in a suitable place. When many pipets are to be 
cleaned it is convenient to place them in tall cylinders containing the cleaning mixture. 

In filling pipets and burets by suction, a rubber tube with a trap is recommended 
for the worker who has not had experience with this dangerous solution. Care must be 
taken to observe that the lower end of the pipet or buret is far below the surface of 
the mixture and that the volume of the cleaning mixture is much greater than that 
of the apparatus being cleaned. It is advisable to confine the use of cleaning mixture 
to a small section of the laboratory. 

6. Apparatus that is soiled with mineral oil should never be put directly into the 
cleaning mixture as the oil will immediately turn the mixture green (total reduction of 
dichromate). 

7. The cleaning mixture should be kept in a closed vessel when not in use. 


COLLECTIONS OR BLOOD 

1. Blood is usually taken from a vein at the elbow with a clean dry sterile syringe, 
the technic being described and illustrated on page 44. With the development of micro 
methods requiring up to 0.2 ml. of blood, the sample may be taken from the finger. 
This capillary blood approaches the composition of arterial blood which differs slightly 
in the concentration of certain chemical constituents (oxygen, carbon dioxide, hydrogen 
ions, plasma chloride, glucose and lactic acid) from venous blood. Umbilical cord blood 
may be secured at birth or specimens obtained from infants and young children by 
puncture of superficial veins. Arterial blood is seldom used for general routine deter- 
minations. Puncture of an artery should only be attempted by one who is skilled in 
this procedure. 


2. For many of the common chemical determinations the blood sample can be 
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exposed to air before analysis. But for the determination of carbon dioxide content, 
pH, oxygen content, and serum chloride the blood should be drawn with the least 
exposure to air. Although mineral oil is not a perfect protector against loss of blood 
gases it is the barrier commonly employed. More exact procedures and a complete dis- 
cussion of anaerobic blood-collecting methods may be found in Peters and Van Slyke 
(Quantitative Clinical Chemistry, Baltimore, Williams and Wilkins Co., Vol. DelOSZ me 
In the serum chloride determination failure to use mineral oil results in an error of 
less than 2 per cent if adequate care is taken to minimize the contact of the sample 
with air. 

3. Blood used for analytical procedures should be drawn with as little venous 
stasis as possible. If it is necessary to distend the vein with a tourniquet it should be 
released as soon as the flow of blood indicates that the needle is in the vein. 

4. After blood is withdrawn with a syringe and needle, the latter should be removed 
from the syringe and the blood expelled into a test tube by allowing it to flow down 
the side of the tube without spraying through the air. When the blood is to be collected 
under a layer of mineral oil, the tip of the syringe should be connected by a short piece 
of rubber tubing to a piece of narrow bore glass tubing which reaches to the bottom 
of the test tube containing the oil. The blood is then expelled through the glass tube 
to the bottom of the test tube without becoming mixed with the oil. It is good practice 
to rinse the needle and syringe with cold water immediately after use. If the method 
of analysis requires serum, a test tube that can be centrifuged should be selected for the 
blood sample. A rubber stopper or cap is inserted in the tube and the sample of blood 
is allowed to clot before centrifugation. If whole blood or plasma is required, an anti- 
coagulant must be present in the tube that receives the blood. In order to be certain 
that the anticoagulant is thoroughly mixed with the blood it is advisable to stopper 
the tube and immediately invert it several times. When oil is present in the tube the 
blood is stirred with a footed glass stirring rod without bringing the foot of the rod 
through the oil. This avoids emulsifying the blood and the oil. 

5. Oxalates are generally used as anticoagulants; an excess should be avoided. 
Potassium oxalate (2 mg. per ml. of blood) is the salt usually employed because it is 
the most soluble. Sodium oxalate is less soluble and is used when the addition of 
potassium ions is to be avoided. The concentration of potassium oxalate just mentioned 
makes the plasma hypertonic, causing water to be withdrawn from the red blood cells 
with consequent dilution of plasma. To prevent such a shift of water a solution con- 
taining 6 gm. of ammonium oxalate and 4 gm. of potassium oxalate in 100 ml. of 
distilled water can be used; 0.1 ml. of this solution contains sufficient oxalate for 5 ml. 
of blood. This anticoagulant is recommended for hematocrit determinations and for 
the determination of specific gravity of whole blood or plasma. It cannot be used where 
the presence of ammonium ions interferes with the analysis. 

Oxalated tubes may be prepared as follows. Prepare a 30 per cent solution of 
potassium oxalate by dissolving 30 gm. in 100 ml. distilled water; 0.1 ml. contains 
30 mg. which is sufficient for preventing the coagulation of 15 ml. of properly drawn 
blood. If smaller samples of blood are to be collected, correspondingly lesser amounts 
of the anticoagulant solution should be used. The proper amount of solution is intro- 
duced into the bottom of a clean, dry test tube which is rolled on its side on a hot plate 
until the water has evaporated leaving the oxalate as a loose salt deposit scattered 
over the wall of the tube. A high temperature should be avoided in order to prevent 
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the conversion of the oxalate into carbonate. Tubes for the collection of 2, 5, 10 and 
15 ml. of blood can be prepared in quantities, stoppered and stored indefinitely. A hot 
saturated solution of sodium oxalate is used when the potassium salt cannot be used. 
About 0.5 ml. of 30 per cent solution is used in the average blood tube. The salt is 
coated on the side of the tube in the same manner as the potassium salt. 

6. Heparin is a satisfactory anticoagulant although very expensive. With a good 
grade of heparin, 0.4 mg. is sufficient for preventing the coagulation of 10 ml. of blood 
for several hours; for longer periods 0.2 mg. per ml. is recommended. Heparin tubes 
can be prepared from a 0.4 per cent aqueous solution. No more of this solution than 
is actually needed should be prepared. The tubes containing the proper amount of 
heparin solution are dried in a vacuum desiccator. These tubes will not keep indefinitely 
but can be kept for several weeks if stored at a low 
temperature. 

7. Coagulation may also be prevented by defibrina- 
tion. The removal of fibrin does not alter the concentra- 
tions of many of the constituents of blood and serum. 
Defibrination is easily carried out by stirring the blood 
in a test tube with a footed glass rod. The fibrin raps 
itself on the rod as the latter is rotated in one direction 
along the side of the tube without trapping any of the red 
cells. Care must be taken to keep the rod from coming 
in contact with the side of the test tube to prevent 
hemolysis. Serum obtained from defibrinated blood in an 
open test tube or even under oil is unsatisfactory for 
determinations of constituents which are changed by loss 
of blood gases. 

8. Blood glucose is rapidly destroyed (glycolysis) on 
standing and specimens intended for glucose determina- 
tions should have sodium fluoride (C.P. powder) added 
as a preservative and anticoagulant in the proportion of 
reaeaGa ribs iced ineollect: 60 mg. per 10 ml. of blood if the determination cannot 

ing blood for determination be made almost immediately. As sodium fluoride is not 
of pH of carbon dioxide. very soluble, it is necessary to mix thoroughly to prevent 
clotting. If the blood is on the point of coagulating, it is 
well to add oxalate also. Fluoride should not be added to specimens intended for urea 
determination as results will be too low. The addition of thymol to the fluoride is 
recommended for preventing or greatly inhibiting glycolysis for several days. Chloro- 
benzol may be used as a preservative for specimens to be kept up to 5 days for glucose 
determinations. When possible, blood samples are examined immediately after with- 
drawal. However, blood may be preserved in paraffin-coated tubes at a temperature of 
0° C. to 5° C. for several days with practically no change in the usually sought con- 
stituents except carbon dioxide and hydrogen ion concentration. 

9. A blood sample for the determination of hydrogen ion concentration is drawn 

in a special manner, in a centrifuge tube or heavy-walled test tube, under paraffin oil 


Paraffin Oil 
Potassium Oralale<¥ 


to avoid contact with air, and without stasis in the vein (Fig. 369). 
10. Table 68 shows the normal values and also indicates the amount of blood, 
serum or plasma ordinarily required for the various determinations. 


TABLE 68. NORMAL VALUES. 


Normal Value Amount and 
Constituent (mg. per 100 ml. for adults Preparation of 
unless otherwise stated) Blood * 
Amino acid nitrogen 4-8 5 ml., oxalated 
Amylase 40-110 mg. (av. 60) of glucose 5 ml., plain 
from starch by 100 ml. serum 
Bilirubin (Van den Bergh) Direct: negative 5 ml., plain 
Indirect: 0.1-0.25 
Calcium Adults: 9-11 5 ml., plain 
Infants: 10-12 
CO. capacity (plasma) Adults: 53-70 vol. % 5) touilll, oxalated _ 
Infants: 48-63 vol. % 
Cholesterol Total: 150-250 5 ml., plain 
Esters: 60-75% of total 
| Chloride (as sodium chloride) | Serum: 575-630 5 ml., plain 
Creatinine 1-2 5 ml., oxalated 
Fibrinogen 200-400 6 ml., oxalated 
Glucose 80-110 2 ml., oxalated 
85-120 (finger tip) 0.1 ml., (micro) 
Icterus index 4-6 units 5 ml., plain 
Tron 0.04-0.23 5 ml., plain 
(lower in women) 
Lipase 0.5-1.0 units 5 ml., plain 
Nonprotein nitrogen 25-35 2 ml., oxalated 
Oxygen capacity Men: 18-7-22.7 vol. % 5 ml., oxalated 
Women: 17-21 vol. % 
Oxygen unsaturation 2.5-9.0 vol. % 12 ml., oxalated 
Phosphatase Bodansky: (acid: 0.0-1.2 units) 
(alk.: 2-9 units) 
King and Armstrong: 5 ml., plain 
(acid: O-5 units) 
(alk.: 0-13 units) 
Phosphorus (inorganic) Adults: 3-4.5 5 ml., plain 
Children: 4.5-6.0 
Potassium 16-22 5 ml., plain 
Sodium 310-340 5 ml., plain 
Sulfur (inorganic) 0.9-1.6 (2.7-4.8 as sulfate) 5 ml., plain 
Total protein 6.0-7.5 gm. per 100 ml. 
albumin AOa510) “cc ““ ce “cc 
globulin 2: Or2 Oats 4 ee wee 5 ml., plain 
A-G ratio om LOZ eOrL 
‘Urea nitrogen 9-15 5 ml., oxalated 
Uric acid 2-4 5 ml., oxalated 


* Provides excess for recheck and duplicate determination; about one-half amounts sufficient 
for single determinations; oxalated for whole blood or plasma; plain for serum. 
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PREPARATION OF PROTEIN-FREE FILTRATES 


Principle. In this modification of the Folin-Wu method by Haden (J. Biol. Chem., 
1919, 38:81; and 1923, 56:469) the proteins of blood are completely removed by 
filtration following precipitation with tungstic acid, which is formed by the interaction 
of sodium tungstate and sulfuric acid. 

Reagents. 1. Sutruric Acip N/12. (page 949). 

2. Soptum TuNGSTATE SoLuTION. Dissolve 10 gm. of sodium tungstate (special, 
according to Folin) in water and dilute to 100 ml. This solution should be neutral to 
phenoiphthalein and free of chloride. : 

3. The filter paper should be ammonia-free; diameters 9 to 12.5 centimeters. 
Whatman No. 2 is recommended. 

Procedure. 1. Transfer 8 volumes of N/12 sulfuric acid to a flask with a capacity 
of about 125 ml. 

2. Add 1 volume of oxalated whole blood. Ostwald-Folin pipets (Fig. 370) should 
be used. Allow to stand until the blood is laked as shown by the formation of brown 
acid hematin. 


AAT 


No 1 veuiversiQ mlatzosc AMC. 


Fig. 370. Ostwald-Folin pipets. 
These pipets are calibrated to deliver and the residual in tip is blown out. 


3. Add 1 volume of the sodium tungstate solution. Stopper the flask and shake 
thoroughly for several minutes. The coagulum should be dark brown with little or no 
frothing. 

4. Filter the mixture on a dry filter paper that will hold the entire filtrate. Some- 
times it is advisable to catch the first half ml. in the original tube and refilter. A watch- 
glass over the funnel will minimize evaporation if filtration is slow. The filtrate should 
be perfectly clear. Instead of filtering the mixture may be centrifuged. 

5. ii the filtrate is not to be used within a short time it should be placed in the 
refrigerator. If it is to be kept longer than 2 days, a few drops of toluene should be 
added to prevent bacterial decomposition. Filtrates from oxalated blood may be kept 
overnight in the refrigerator without appreciable loss of glucose or uric acid; standing 
several days has little effect on the nonprotein nitrogen, creatinine or creatine values. 
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6. Serum and plasma contain less protein than whole blood. Therefore, they require 
a lower concentration of tungstic acid for precipitation. Sulfuric acid, 0.058 N, is used 
in place of N/12 solution, and a 7 per cent solution of sodium tungstate is used instead 
of a 10 per cent solution. The 0.058 N sulfuric acid is prepared by diluting 7 volumes 
of N/12 sulfuric acid to 10 volumes with distilled water. The 7 per cent sodium tung- 
state solution is prepared by diluting 7 volumes of the 10 per cent solution to 10 vol- 
umes with distilled water. To 8 volumes of the 0.058 N sulfuric acid solution add 
1 volume of serum or plasma. Mix and add 1 volume of 7 per cent sodium tungstate 
solution. Shake vigorously and proceed with filtration in the same manner as with 
blood. 

Notes. 1. If there is much foaming and the coagulum assumes a brownish-pink 
instead of a dark brown color, it is usually because too much oxalate is present. In 
such a case the sample can generally be saved by adding 10 per cent sulfuric acid, 
1 drop at a time, shaking vigorously after each drop, and continuing until there is 
practically no foaming and until the dark brown color has appeared. 

2. If the filtrate is not clear, the precipitate and the filtrate should be returned 
to the flask and 10 per cent sulfuric acid added as before to complete the protein 
precipitation. 

3. The filtrate should be nearly neutral when the reagents are properly adjusted. 
With Congo red the filtrate should give a negative test and with blue litmus a positive 
test. Excess acidity will result in precipitation of uric acid. 

Somogyi Method. In this method (J. Biol. Chem., 1930, 86:655) the blood 
proteins are precipitated by zinc sulfate; the filtrates are almost entirely free from 
reducing substances other than glucose. 

REAGENTS. 1. Ten per cent solution of zinc sulfate (dissolve 100 gm. in distilled 
water and dilute to 1 liter). 

2. Sodium hydroxide solution, 0.5 N (dilute normal sodium hydroxide solution 
with an equal volume of recently boiled distilled water). 

If 10 ml. of the zinc sulfate solution is diluted with 50 ml. distilled water and 
titrated with the sodium hydroxide solution in the presence of phenolphthalein, 
10.8 to 11.2 ml. should be required to produce a permanent pink color. The alkali 
should be added slowly with continuous shaking. 

ProcrepureE. 1. To 1 volume of whole blood add 7 volumes of distilled water. 
Add 1 volume of zinc sulfate solution, mix and add 1 volume of 0.5 N sodium hydrox- 
ide. Shake thoroughly and filter. 

2. To 1 volume of serum or plasma add 8 volumes of distilled water, 0.5 volume 
of zinc sulfate solution and 0.5 volume of 0.5 N sodium hydroxide. Shake thoroughly 
and filter. 


DETERMINATION OF UREA 


The aeration urease method of Van Slyke and Cullen for the determination of urea 
in urine may be used for blood by making allowance for the smaller amounts of urea 
present. It may be convenient to use this method for blood in the urea clearance test 
if the laboratory uses the method for urine and has the apparatus available. For blood, 
it is better to use 0.01 N acid and alkali instead of the 0.02 N reagents used in the 
urine determination. Summerson has found it more convenient to use boric acid con- 
taining bromcresol green in the receiving tube to hold the ammonia and then titrating 
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directly with a 0.0143 N sulfuric acid solution (1 ml. of this acid is equivalent to 
0.2 mg. of nitrogen). 

Principle. Blood is treated with urease for the conversion of the urea to ammonium 
carbonate. The mixture is made alkaline with potassium carbonate and the ammonia 
aerated into the boric acid. This ammonia is titrated directly with the standard acid. 

Reagents. 1. Boric Actin. A 2 per cent solution containing indicator. Dissolve 
20 gm. of reagent grade boric acid in about 500 ml. of hot distilled water, cool and 
transfer to a 1 liter volumetric flask. Add 2 ml. of 0.1 per cent bromcresol green in 
alcohol. If the aqueous solution of the sodium salt is available in the laboratory it 
may be substituted. This solution does not need to be made with the greatest accuracy ; 
a supply to meet the requirements for a few weeks should be made at one time. The 
bromcresol green works better than any other indicator in the presence of caprylic 
alcohol. If the dye should fade slightly during storage a little more can be added to 
bring back the original intensity. Dilute to one liter with distilled water and mix. 

2. STANDARD SuLFuRICc Acip SotuTion. A 0.01 N sulfuric acid may be used. The 
calculation is simplified by the use of a 0.0143 N acid. 

This acid can be standardized against a pure urea solution. At the same time the 
length of time necessary to drive over all the ammonia can be ascertained. Prepare a 
standard urea solution containing 1.07 gm. of pure dry urea in one liter. Analyze a 
2 ml. portion of the urea solution by the procedure described for the blood, replacing 
the blood with urea and titrating with the acid. If the normal sulfuric acid was used 
to make the standard acid, 14.3 ml. should be diluted to one liter. If the acid is correct 
it should take exactly 5 ml. to neutralize the ammonia from 2 ml. of the urea solution. 

Procedure. 1. Into tube A (Fig. 80, page 148) place 20 ml. of 5 per cent sulfuric 
acid. This tube serves as a wash bottle to remove traces of ammonia from air used in 
aeration. 

2. In tubes B and D place 2 ml. of phosphate buffer, 5 drops of caprylic alcohol 
and 0.5 ml. of the 10 per cent urease solution. 

3. Into tube D place 2 ml. of blood and mix gently and stopper with the connection 
used in the train. Into tube B place 2 ml. of distilled water, mix and stopper in the 
same manner. This tube is used as a blank on the reagents. 

4. Allow these tubes to stand for ten minutes at room temperature for complete 
decomposition of the urea. During this time add 25 ml. of the boric acid solution and 
one drop of caprylic alcohol to tubes C and E. Place these tubes in their correct posi- 
tions for the aeration. 

5. At the end of this period, the train is connected to the filter pump and air is 
drawn through for 30 seconds in order to draw over into tubes C and E any small 
amounts of ammonia which have escaped into the air spaces during the decomposition. 

6. After turning off the pump, raise the stoppers on tubes B and D and quickly 
add 10 ml. of saturated potassium carbonate solution down the sides of the tubes and 
immediately stopper tightly. 

7. The air current is now allowed to pass through the train very slowly for the 
first minute when the rate is increased as high as possible without danger of running 
the solutions over to the next tube. Continue the aeration for one hour or the time 
found necessary by trial. 

8. At the end of this time slow down the aeration rate gradually but do not stop it 
entirely. Disconnect the tubes starting with the one farthest from the pump. Remove 
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the stoppers from tubes C and E and rinse down the connections with a little distilled 
water. 

9. Titrate the ammonia in each tube with the standard sulfuric acid in a 10 ml. 
buret. The end point is a slightly blue solution restored to the original yellow-green 
shade. A comparison tube may be set up to help with the end point. 

Calculation. If the 0.0143 N sulfuric acid was used in the titration (ml. standard 
acid required for tube E — ml. required for tube C) & 10 = mg. of urea nitrogen per 
100 ml. of blood. If 0.01 N acid was used in titration the difference is multiplied by 7 
instead of by 10. 

An occasional specimen may show an unusual tendency to foam, presenting the 
difficulty only after the aeration has been going for some time. The introduction of 
2 or 3 ml. of ethyl alcohol is recommended to stop the foaming. Momentarily disconnect 
the rubber tubing from the inlet tube of the digestion mixture and allow the alcohol 
to be drawn in through the inlet tube. 


DETERMINATION OF UREA NITROGEN BY DIRECT NESSLERIZATION 

Principle. In this method by Karr (J. Lab. & Clin. Med., 1924, 9:3) protein-free 
blood filtrate is incubated with urease and acetate buffer solution. The resultant solu- 
tion is nesslerized and compared colorimetrically with a similarly treated standard urea 
solution. 

Apparatus. Two test tubes, each graduated at 22.5 and 25 ml. 

Reagents. 1. UREASE. Place about 3 gm. of Permutit in a 500 ml. flask. Add 50 ml. 
of 2 per cent acetic acid. Shake. Allow the Permutit to settle and discard the super- 
natant fluid. Wash the Permutit twice with 50 ml. of water, discarding each time. To 
the washed Permutit add 15 gm. of jack bean meal. Add a mixture of 16 ml. of alcohol 
and 84 ml. of distilled water. Shake gently but continuously for 15 minutes. Allow to 
stand overnight in a refrigerator. When the supernatant fluid is clear, transfer it to 
small flasks, keeping them tightly stoppered in a refrigerator. 

2. Burrer. Dissolve 20 gm. of sodium acetate in distilled water and add 2.2 ml. 
of 10 per cent acetic acid. Dilute to 100 ml. and mix. 

3. Urea NITROGEN STANDARD STOCK SOLUTION. Dissolve 0.3215 gm. of pure dry 
urea in distilled water and dilute to 500 ml. (5 ml. contains 1.5 mg. urea nitrogen). 

4. UREA NITROGEN STANDARD WORKING SOLUTION. Place 5 ml. of stock urea solu- 
tion in a 100 ml. volumetric flask and dilute to mark (5 ml. contains 0.075 mg. urea 
nitrogen). 

5. NESSLER SOLUTION (KocH-McMEErxk1Nn). Dissolve 30 gm. of potassium iodide 
in 20 ml. of distilled water and add 22.5 gm. of iodine to the solution. Shake until 
dissolved and then add 30 gm. of pure metallic mercury. Shake the mixture well, keep- 
ing the solution cool by holding under running tap water from time to time, until the 
supernatant liquid has lost the yellow color of iodine. Pour off from the undissolved 
mercury and test for the presence of excess iodine by adding a few drops to a little 
starch solution (page 953) in a test tube. If no blue color is obtained add iodine 
solution similar to that previously used, drop by drop, until there is a slight excess of 
free iodine as indicated by the test with starch solution. Dilute to 200 ml., mix, and 
pour into 975 ml. of accurately prepared 10 per cent sodium hydroxide solution (page 
947). Mix well and allow any precipitate to settle out. This solution should be made 
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several days before it is to be used. Use the clear supernatant fluid. Avoid stirring up 
the sediment when removing from the storage bottle. 

6. Gum Guatti SoLuTION. Place about 20 gm. of gum ghatti (tears) in a bag 
made of a double layer of gauze and suspend the bag in a cylinder containing 1000 ml. 
of distilled water in such a position that the upper surface of the water just covers the 
contents of the bag. Allow to stand overnight. Remove the bag after gentle squeezing 
and discard. Filter the solution through cotton into a tall narrow bottle to permit any 
further settling of sediment. Use only the clear upper layer. The solution keeps well. 

Procedure. Into an ordinary test tube marked S, pipet 5 ml. of the standard solu- 
tion of urea; into another tube marked: B, pipet 5 ml. of the protein-free blood filtrate. 
Into each add 5 drops of the urease solution and 0.5 ml. of the buffer solution. Place 
tubes in water bath at 50° C. for 10 minutes. At the end of this time transfer, quanti- 
tatively, the solutions in each tube to the graduated tubes (marked S and B). Wash 
out the tube twice with about 5 ml. of distilled water into the graduated tube. Add 
2 drops of gum ghatti solution and dilute to the lower mark with distilled water. 
Add the Nessler solution to the 25 ml. mark. Mix rapidly by inverting. Compare in 
colorimeter after 10 minutes. The best results are obtained if the nesslerized tubes are 
at a temperature of 20° C. or lower. 


Calculation. 
X = milligrams urea nitrogen in 100 ml. of blood 
R = reading of the blood filtrate (contents of tube B) 
S = reading of the standard (contents of tube S) 
S eet LOU een ve 
Then,  X 0.075 “ope oR 15=xX 


If R= 15 mm. then, X =S 


Notes. 1. Visual colorimetry is difficult and somewhat uncertain with this type of 
color. More accurate color measurements can be made in the photoelectric colorimeter. 
If a Klett-Summerson type is available, use light filter No. 54 (light transmission at 
540 mu) and determine a blank reading against a distilled water zero. The blank 
should contain all the ingredients of the unknown except the filtrate which should be 
replaced by water. This blank is small and constant and need be determined only 
occasionally. The blank reading is subtracted from the reading of both unknown and 
standard. The calculation then is 

15 


reading of standard X reading of unknown. 


mg. of urea nitrogen per 100 ml. of blood = 
The value of the fraction is a constant for any one set of reagents and, when once 
determined, is used as a factor which is multiplied by the reading of the unknown. 
The use of such factor, if determined by averaging the readings of several standards, 
further simplifies the method since standards need be run only occasionally thereafter 
as a check on the constancy of the factor. 

2. The normal range is about 9 to 15 mg. urea nitrogen per 100 ml. of blood. 

3. The tubes in which the filtrate and standard are incubated must be kept clean 
and never used to contain the Nessler solution, because a trace of mercury poisons 
urease. 

4. With bloods known or thought to have a high urea nitrogen content, use less 
filtrate, adding sufficient water to make 5 ml., and make corresponding calculation. 
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For a large number of determinations at one time, an artificial standard may be used. 
The amount of urea nitrogen in the blood is affected by diet. Urea nitrogen is increased 
above normal in kidney insufficiency. 

5. Kingsley (J. Lab. & Clin. Med., 1944, 29:337) has described a method for the 
preparation of a more stable concentrated urease solution for use with the Karr method. 
To 150 ml. of saturated sodium chloride solution in a 300 ml. Erlenmeyer flask, add 
40 gm. of jack bean meal, 4 gm. Permutit, and shake vigorously several minutes. Let 
mixture stand 24 hours at room temperature. Shake the mixture again for a few 
minutes and then centrifuge. Filter supernatant solution through ordinary filter paper, 
covering filter as filtration may require several hours. Keep in a small dropper bottle. 
Use one drop for each 2.5 ml. of tungstic acid protein-free filtrate. A urease solution 
can be made from commercial urease preparations. To 50 ml. of saturated sodium 
chloride solution add 2 gm. of urease (Squibb double strength powder or similar 
product) and shake vigorously for a few minutes. Let stand one hour and filter as 
before with jack bean meal extract. Use one drop of this solution for each 2.5 ml. of 
filtrate. These preparations are stable for several weeks at room temperature. 


DETERMINATION OF UREA NITROGEN ON CAPILLARY BLOOD 


Principle. In this method by Keller (J. Lab. & Clin. Med., 1932, 17:1146) protein- 
free blood filtrate is incubated with urease and a buffer solution. The resultant solu- 
tion is nesslerized and compared colorimetrically with a similarly treated standard urea 
solution. 

Materials. Two small test tubes each graduated at 9 and 10 ml. 

Reagents. Tuncstic Acip SoLuTIon. Transfer 20 ml. of 10 per cent sodium tung- 
state to a 1 liter volumetric flask. Add about 700 ml. of distilled water. Add, with 
shaking, 160 ml. of N/12 sulfuric acid and dilute with distilled water to 1 liter. 

Procedure. 1. Place 9.8 ml. of tungstic acid solution in a 15 ml. centrifuge tube. 
Prick finger with a lancet so that the blood flows freely. Using a 0.2 ml. pipet, collect 
0.2 ml. of blood. Introduce into the centrifuge tube and rinse pipet. Stopper and mix. 
Centrifuge at a high velocity for a period of 5 minutes. 

2. Into a small test tube (B), pipet 4 ml. of the supernatant fluid. Into another 
small test tube (S), pipet 1 ml. of urea nitrogen standard solution (1 ml. contains 
0.015 mg. urea nitrogen). To each tube add 3 drops of urease and 3 drops of buffer 
solution. 

3. Digest for 10 minutes at 50° C. 

4. Transfer contents quantitatively to respective graduated tubes, rinsing with 
water and diluting to 9 ml. mark. Add Nessler’s solution to 10 ml. mark. 

5. Compare colorimetrically after 10 minutes. 

Calculation. Set the unknown sample at 15 millimeters, when 1.25 times the read- 
ing of the standard gives milligrams of urea nitrogen per 100 ml. of blood. 


DIACETYL MONOXIME METHOD FOR DETERMINING 
UREA NITROGEN 
Principle. In this method (Ormsby. J. Biol. Chem., 1942, 146:595; and Barker. 
J. Biol. Chem., 1944, 152:453) when urea is heated with diacetyl monoxime in acid 
solution a yellow color develops. This color, deepened by oxidation with persulfate, is 
compared in the colorimeter with a standard urea solution similarly treated. 
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Reagents. 1. Sutruric Aci. Sulfuric acid, 50 per cent by volume. Pour cautiously 
500 ml. of concentrated sulfuric acid (specific gravity 1.84) into 500 ml. of distilled 
water in a Pyrex flask. Mix and allow to cool to room temperature and adjust volume 
to one liter with distilled water in a graduate cylinder. 

2. DiacetyL Monoxime (Eastman). A 3 per cent aqueous solution. Stable at 
least 4 weeks at room temperature; keeps indefinitely if stoppered tightly and kept in 
refrigerator when not being used. 

3. PoTASsIUM PERSULFATE SOLUTION. A one per cent aqueous solution. This solu- 
tion should be kept in the refrigerator and made up every week. 

4, StanparD UrrA NitRocEN SozuTIon. This is the same diluted standard used 
in the Karr method (3 ml. = 0.045 mg. of urea N: see page 966). 

Procedure. 1. Place 3 ml. of 1:10 tungstic acid filtrate in a test tube. 

2. Place 3 ml. of urea standard in a second tube. 

3. Place 3 ml. of distilled water in a third test tube (blank). 

4. To each tube add exactly 4 ml. of the concentrated sulfuric acid and 0.5 ml. of 
the diacetyl monoxime solution. 

5. Mix the contents by rotation, cover each tube with a glass marble and place the 
tubes in a vigorously boiling water bath for 10 minutes. 

6. Remove from bath, and within 5 minutes, without cooling, slowly add 0.25 ml. 
of persulfate solution so that a separate layer is formed. Stopper and mix quickly. 
Within 15 minutes read all the tubes in the photoelectric colorimeter (Klett) using 
filter No. 42 (transmitting light at 420 mu). 

Calculation. Subtract the reading of the blank from the reading of the standard 
and unknown; then 


15 
reading of standard 


xX reading of unknown = mg. of urea N in 100 ml. of blood. 


If a Duboscq colorimeter is used, make readings with the unknown set at 15. Omit 
the blank tube. Under these conditions reading of the standard = mg. of urea nitrogen 
in 100 ml. of blood. If the standard is set at 20 then 


300 
reading of unknown 


= mg. of urea N per 100 ml. of blood. 


Notes. 1. This method avoids the difficulties inherent in a nesslerization procedure 
and is not affected by ammonia or other normal blood constituents. 

2. The method, in addition to being very simple, probably also exceeds the nessleri- 
zation methods in accuracy if well controlled. This method should be thoroughly tested 
with solutions of known urea concentration before it is used routinely for blood filtrates. 

3. Wheatley (Biochem. J., 1948, 43:420) found that if condensation with diacetyl 
monoxime is carried out in the presence of phenylanthranilic acid the color produced 
is 5 times as intense as the yellow color with diacetyl alone. 

4, The Somogyi acid zinc sulfate filtrate can also be used (page 971). 

5. The method as outlined will determine values up to about 40 mg. per 100 ml. 
of urea nitrogen. If more than this is found repeat the test using 1 ml. of the Folin-Wu 
filtrate plus 2 ml. of distilled water. The factor must be multiplied by 3. 

6. The factor is constant for constant conditions and the same reagents. Stand- 
ards and blanks need not be run with the unknowns after the constants have been 
established. 
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Principle. In this method by Van Slyke (J. Biol. Chem., 1929, 93:449; and 1933, 
102:489) urea reacts quickly with alkaline hypobromite to liberate nitrogen according 
to this reaction: CO(NH2)2+ 3 NaOBr-+ 2 NaOH =3 NaBr-+ Na,CO;3-+ 3 H2O-+ No. 
With ammonia and other nitrogenous constituents in blood the liberation of nitrogen 
is not as rapid or complete. The reaction is carried out in a manometric apparatus and 
the pressure of the liberated nitrogen measured at a definite volume. 

Apparatus. 1. Closed type manometric apparatus of Van Slyke and Neill (Fig, 
367). 

2. A 5 ml. Ostwald-Van Slyke pipet with stop-cock and rubber tip (Fig. 371). 
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Fig. 371. Ostwald-Van Slyke pipet. 


3. Mohr measuring type pipets to measure volumes of 1.25 and 0.75 ml. 

Preparation of Blood Filtrate. 1. Van Slyke and Kugel recommend the use of the 
Somogyi zinc sulfate filtrate because it removes the greater part of the nonurea nitrog- 
enous compounds which are present in the Folin-Wu filtrate and evolves nitrogen in 
the reaction. When the purpose of the analysis is only to determine if gross nitrogen 
retention is present in the blood of the patient, the tungstic acid filtrate of Folin and 
Wu is satisfactory. When the results are used in urea clearance tests, the Somogyi 
filtrate is preferred. 

2. Acip ZINC SULFATE SOLUTION. Dissolve 12.5 gm. of reagent grade zinc sulfate 
in 125 ml. of 0.25 N sulfuric acid and make up to one liter with distilled water. 

3. Soptum HyproxInE SoLuTion, 0.75 N. To 500 ml. of distilled water (recently 
boiled free of CO.) in a 2 liter volumetric flask, add N NaOH to a volume of 2000 ml. 
When 50 ml. of the zinc sulfate solution is titrated with 0.75 N NaOH solution, with 
phenolphthalein as indicator, 6.7 to 6.8 ml. of the alkali should be required. 

4. One volume of blood is mixed with 8 volumes of the zinc sulfate solution. The 
mixture is shaken until homogeneous and hemolysis is complete. Then, one volume of 
0.75 N alkali is added. The mixture is shaken until homogeneous and allowed to stand 
for 5 minutes. Finally, the mixture is filtered through a dry filter paper into a dry flask. 
One ml. of this filtrate is equivalent to 0.1 ml. of blood. Five ml. of filtrate is 
required for a determination. 

Reagents. 1. BroMINE SoLuTIoN. Dissolve 60 gm. of reagent grade potassium 
bromide in 100 ml. of distilled water. Add 2.5 ml. of liquid bromine and dissolve in the 
solution. It is convenient to keep a small supply of this solution in a dropping bottle 
and to measure out the amounts for each analysis by drops. This solution keeps for 
many months in a ground-glass-stoppered bottle. 

2. Soptum HyproxIpE SoLtuTion, 10 N. Dissolve 40 gm. of sodium hydroxide in 
distilled water and bring to a volume of 100 ml. 

3. SoptuM CHLORIDE SOLUTION, 0.62 PER CENT. This solution, containing 6.2 gm. 
of salt in a liter of solution, has the same solubility for air as the Somogyi blood 
filtrate. 

Procedure For Blood. 1. The reaction chamber of the manometric apparatus is 
filled with mercury by placing the leveling bulb in the upper ring support, opening the 
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stop-cock above the reaction chamber and controlling the flow of mercury by manipu- 
lating the leveling bulb stop-cock. One to two ml. of mercury are allowed to run up 
into the cup above the chamber to serve as a mercury seal. 

2. The blood filtrate is drawn into the 5 ml. stop-cock pipet and the meniscus 
adjusted at the upper graduation. The outside of the pipet is dried with a clean towel 
and the rubber tip placed on the end. 

3. Place the pipet firmly against the capillary at the bottom of the cup above the 
reaction chamber. With the leveling bulb in the lower position, open stop-cocks at top 
of chamber and on pipet. By controlling the leveling bulb stop-cock allow the filtrate 
to enter the chamber until the meniscus of the liquid is adjusted to the lower gradua- 
tion of the pipet. Close the stop-cock on the pipet and remove it from the cup. 

4. Seal the upper stop-cock with mercury. Lower the mercury in the chamber to 
the 50 ml. mark and remove the excess mercury in the cup. 

5. The evacuated chamber is shaken for 2 minutes to release the dissolved air in 
the filtrate. 

6. The leveling bulb is placed in the upper ring support. By controlling the leveling 
bulb stop-cock, mercury is allowed to rise slowly into the reaction chamber until the 
mercury ceases to rise in the manometer. Close the leveling bulb stop-cock and then 
open the stop-cock at top of chamber. Now carefully control the opening of the leveling 
bulb stop-cock so that mercury enters the chamber very slowly. Permit the air bubble 
to escape and bring the aqueous meniscus to the top of the capillary at the bottom of 
the cup, being careful that none of the filtrate is lost. 

7. Place 1.25 ml. of 10 N NaOH (40 per cent) in the cup at top of chamber, fol- 
lowed by 0.75 ml. of the bromine solution. The two solutions in the cup are mixed 
thoroughly by a small stirring rod or by shaking the chamber by hand for a few 
seconds. Immediately run 1.5 ml. of the mixture into the chamber by lowering the 
mercury bulb to the lower position and controlling the flow with the leveling bulb 
stop-cock. 

8. The upper stop-cock is sealed with mercury. The excess alkaline bromine mixture 
is removed from the cup. 

9. Draw the mercury in the chamber down to the 50 ml. mark and shake for 1.5 
minutes at 25° C., 2 minutes at 20° C., or 2.5 minutes at 15° C. to extract the nitrogen 
liberated from the urea. 

10. Allow the mercury to run back into the reaction chamber until the level of the 
aqueous solution is at the 0.5 ml. mark. If high urea figures are expected (this can be 
ascertained if the mercury in the manometer begins to rise rapidly as the gas is com- 
pressed in the reaction chamber and if the pressure at a volume of 0.5 ml. exceeds 
400 mm.), bring the level of the aqueous solution to the 2 ml. mark. 

11. Read the level of the mercury in the manometer tube, P;, and the temperature 
of the water jacket. 

12. With the leveling bulb in the upper ring support, open the leveling bulb stop- 
cock and when mercury has reached the top of the manometer close the leveling bulb 
stop-cock and open the stop-cock at top of chamber. Expel the gas by allowing the 
mercury to flow slowly into the chamber, carefully controlling the leveling bulb stop- 
cock and carefully bring the meniscus of the aqueous solution to the top of the capillary 
leading to the cup. Avoid loss of solution. 
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13. Place the leveling bulb stop-cock in the lower ring support and seal the chamber 
stop-cock with mercury. 

14. Lower the aqueous meniscus to just below the mark at which the gas volume 
was read and bring it exactly to the mark by controlling the flow of mercury with the 
leveling bulb stop-cock. 

15. Read the level of mercury in the manometer, P. This reading is fairly constant 
for a series of determinations and it may be found that it is not necessary to take this 
reading for each determination. 

16. A blank analysis is performed by using 5 ml. of a 0.62 per cent sodium chloride 
solution in a determination instead of the blood filtrate. For most purposes water can 
be used for the blank analysis. The C correction of this analysis is P;—P. The value of 
the C correction is about 6 to 8 mm. when the pressure is measured with the volume 
of gas at 0.5 ml. and 1.5 to 2 mm. when the gas volume is 2 ml. It is only necessary 
to redetermine this value when the reagents are changed or the room temperature 
undergoes unusual variation. 

Calculation. The pressure Py, of nitrogen gas is calculated from the two mano- 
metric readings and the C correction from the following relationship: 


Py, =P:-P-C 


The nitrogen evolved under these conditions includes a small amount of nitrogen from 
nonurea substances. Van Slyke and Kugel have shown that an empirical correction for 
this amount is equivalent to 1.2 mg. of urea nitrogen from 100 ml. of blood. This cor- 
rection is the same in bloods with marked urea retention as in normal bloods. The 
value of the factors for urea nitrogen are given in Table 69: 


mg. of urea N per 100 ml. blood = (Py, X factor) — 1.2 
mg. of urea per 100 ml. blood = (Py, x factor for urea) — 2.6 


TABLE 69. FACTORS BY WHICH MANOMETRIC READINGS ARE MULTIPLIED TO GIVE 
VALUES FOR BLOOD.* 


Factors Giving mg. of Urea Factors Giving mg. of Urea 
Nitrogen per 100 ml. Blood Nitrogen per 100 ml. Blood 


Temper- 
ature 


°C. a = 0.5 ml. a= 2ml. , a = 0.5 ml. 


0.1592 
86 


* In the preparation of these factors, the theoretical factors have been multiplied by 1.02 because 
under the conditions of the analysis 1 mol of urea evolves only 0.98 mol of Ny gas. 

a = volume at which gas is measured in the chamber. 

To obtain the factor for mg. of urea per 100 ml. of blood multiply the above factors for urea 
nitrogen by 2.14. 
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If high urea figures are expected, the manometric reading is taken when the liquid 
level in the chamber reaches the 2 ml. mark. From this reading is then subtracted the 
manometric reading obtained after the nitrogen is expelled and the level of the liquid 
returned to the 2 ml. mark. 

Procedure for Urine. As the determination just described is most convenient for 
the determination of urea clearance, the corresponding analysis on urine is hereby 
outlined. 

PREPARATION OF URINE FILTRATE. One ml. of concentrated urine (specific gravity 
over 1.030) or 2 ml. of a less concentrated urine are measured carefully into a dry 
100 ml. Erlenmeyer flask and 19 ml. or, 18 ml. of distilled water respectively, measured 
from a buret, are introduced, giving a total volume of 20 ml. Then 3 gm. of Permutit 
are added, the flask stoppered and shaken 4 minutes to remove ammonia. The solution 
is then filtered through a dry filter and the filtrate collected in a dry container. 

ProcepureE. 1. Place 1 ml. of distilled water in the cup of the manometric apparatus 
with the chamber and the capillary leading to the waste filled with mercury. 

2. Measure 2 ml. of the filtrate into a Van Slyke-Ostwald pipet with stop-cock and 
place a rubber tip on end. 

3. Allow the filtrate to enter the chamber under the water in the same manner as 
the blood filtrate, followed by the water after the stop-cock pipet has been withdrawn. 
The stop-cock above the chamber is sealed with mercury. 

4, The mercury in the chamber is lowered to the 50 ml. mark and the chamber is 
shaken for 2 min. in order to free the solution of air. 

5. The air is removed from the apparatus in the same manner as was used in free- 
ing the blood filtrate from the air. 

6. Place 1 ml. of the 10 N NaOH solution and 0.5 ml. of the bromine solution in 
the cup, mix thoroughly and at once admit the mixture to the chamber. The stop-cock 
is immediately sealed with mercury. 

7. The chamber is again evacuated and shaken for the same length of time as in 
the blood filtrate determination, noting the temperature of the water in the water 
jacket. 

8. The gas volume is reduced to 2 ml. and the pressure P; read on the manometer. 

9. The gas is removed from the apparatus, the stop-cock above the chamber sealed 
with mercury, and the aqueous meniscus again brought to the 2 ml. mark of the cham- 
ber. The pressure P is read on the manometer. 

10. A blank analysis is made in which 2 ml. of water which has been shaken with 
Permutit replaces the urine filtrate. This is the C correction. One blank analysis, made 
at the beginning, may be used for the entire series of analyses if there is not a great 
variation in temperature. 

Calculation. The pressure Py, of nitrogen gas is calculated from the manometric 
readings and the C correction as follows: 


Py, — P, = P > S 
mg. of urea N per 100 ml. of urine = Py, x factor 


The factors for urine are given in Table 70 for urine samples of both 0.1 ml. and 0.2 ml. 
Notes. 1. The measurements obtained by blood and urine filtrates, being based on 
direct observation of substance obtained, are independent of standard solutions. Thus 
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it is peculiarly adapted to intermittent determinations without the necessity of checking 
standards. 

2. The reaction chamber need not be cleaned between successive determinations. 
An occasional cleaning with dilute lactic acid (by pouring it into cup and allowing it 
to drain into the reaction chamber) serves to keep the mercury free of the mercuric 
oxide which slowly forms. This cleaning, followed by rinsing with distilled water is 
sufficient. Analyses can be run off at the rate of about one every 5 minutes. The simple 
reagents keep well. 

3. The Permutit used on the urine filtrate should be a fine, clean powder which 
gives off no dust or turbid material when shaken with water. It should settle in a few 
seconds and give a clear supernatant filtrate. The activity of a lot of Permutit should 
always be tested on a known ammonia solution. The Permutit can be freed of ammonia 
and used again. The powder is washed with 10 per cent NaOH, then with 2 per cent 
acetic acid, by decantation, and finally with ammonia-free distilled water, and air dried 
without heat. The material obtained contains about 20 per cent water which must not 
be removed. 

4. The only common source of error is leakage at the stop-cock above reaction 
chamber. This stop-cock should always be properly lubricated and tested for its ability 
to maintain a vacuum before the apparatus is used. 


TABLE 70. FACTORS BY WHICH MANOMETRIC READINGS ARE MULTIPLIED TO GIVE 
VALUES FOR URINE. 


: J Vi 100 ml. soni Nit 100 ml. 
Meiners gm. of Urea Nitrogen per m ener gm. of Urea Nitrogen per m 
pyre 0.1 ml. urine 0.2 ml. urine erate 0.1 ml. urine 0.2 ml. urine 
C. a =2 ml. a = 2 ml. C. a= 2m! a2 mls 
15 0.00312 0.001561 25 0.00301 0.001506 
16 11 59 26 00 00 
Vy 10 49 Wy} 0.00299 0.001495 
18 09 44 28 98 90 
19 08 38 29 97 85 
20 07 36 30 96 80 
21 05 27 31 95 74 
22, 04 22 32 94 69 
a3 03 16 a3 93 64 
24 02 11 34 92 59 


To obtain the factor for mg. of urea per 100 ml. of urine multiply the above factor for urea 
nitrogen by 2.14. 


UREASCLEARANGE TEST 
Principle. In this method by Moller, McIntosh and Van Slyke (J. Clin. Investiga- 
tion, 1928, 6:427) the excretory efficiency of the kidneys is measured by the amount 
of blood cleared of urea in 1 minute as determined by the ratio of the blood urea to 
the amount of urea excreted in the urine during a fixed time. 
Reagents. These are the same as used in the determinations of urea in blood and 


urine. 
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Procedure. 1. About 30 minutes prior to the beginning of the test, the subject is 
given 2 glasses of water. 

2. The bladder is emptied completely, the urine discarded and the exact time 
noted. 

3. About 1 hour later, the subject again completely empties the bladder. Note the 
time since the previous voiding exactly, measure the urine volume in ml., and store in 
the refrigerator. 

4. Remove an amount of blood, in the usual manner, sufficient for a urea deter- 
mination. 

5. About 1 hour after the previous voiding the bladder is again completely emptied. 
Note the time since the previous voiding and measure the urine volume in ml. 

6. Determine the urea nitrogen content per 100 ml. of both urine samples and the 
blood sample. 

Calculations. 1. Divide each urine volume by its respective time in minutes. This 
is the minute volume and 2 different formulae are used, depending upon whether this 
value is more or less than 2 ml. per minute. 

2. If the urine volume is over 2 ml. per minute then the formula for maximum 
U (urine urea N) 


B (blood urea N) 
cleared of urea per minute. This volume has been found to have a normal average 
value of 75 ml. Therefore, the per cent of average function is = x = < NV 08 
1.33UV 

B 


clearance is used: x V (urine ml. per min.) = the ml. of blood 


. When the values found previously are substituted in this formula the result 


is per cent of average normal function for maximum clearance. 
3. If the urine volume per minute is 2 ml. or less, then the square root formula for 


standard clearance is used: SK NE = the ml. of blood cleared of urea per minute. 


This volume has been found to have a normal average of 54 ml. Therefore the per cent 
1.85U\/V_ 
iS B 
tion, values for \/ V are appended in the table. Substituting the values found in this 
formula gives the per cent of average normal function for standard clearance. 


meee LOO ae 
of average normal function is x 2 SON/ V cot To facilitate calcula- 


Notes. 1. The use of the two 1-hour urine specimens is for the purpose of a check; 
however, when one urine specimen is large and the other small, duplicate results will 
not be obtained. In such a case it is best to combine the 2 urine specimens. Divide the 
urine volume thus obtained by the total elapsed time in order to obtain the volume 
per minute. 

2. In applying either formula to children or persons differing markedly from usual 
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adult size, the surface area of the subject should be determined from the height and 
weight, and the value “‘V” modified by multiplying it by the factor 


sds 
square meters of surface area 

3. Inaccurate results are obtained if (a) the volume of urine is less than 20 ml. 
per hour, or (0) if the bladder is not completely emptied at each voiding. If incomplete 
emptying is suspected catheterization should be resorted to. 

4. The normal range is 75 to 130 per cent of normal function with either formula. 
Values below 70 per cent are indicative of impaired renal function and such lowered 
values are obtained, as a rule, before evidence of urea retention in the blood is observed. 
Values as low as 10 per cent or less are found in the terminal stages of nephritis or 
uremic coma. 

5. A line chart for calculating correction for body size, and for estimating weight 
ideal for subject’s height and age is shown in Figure 372. The value of 1.73/A is read 
off opposite the height of the subject in meters, on the scale of his age, or of 25 if he 
is mature. A horizontal line from the same point to the weight scale on either side cuts 
the latter at a point indicating the ideal weight of the subject. The ideal weight is not 
used in calculations of the clearance corrections, but the scales are shown for compari- 
son with the observed weights of edematous, obese or emaciated patients. 


DETERMINATION OF NONPROTEIN NITROGEN BY DIRECT 
NESSLERIZATION BY KOCH AND McMEEKIN 


Principle. In this method (J. Am. Chem. Soc., 1924, 46:2066) the protein-free 
blood filtrate is treated with an acid mixture and peroxide which converts the nitrogen 
into ammonia. The solution is nesslerized and read against a standard ammonium sul- 
fate solution similarly treated. 

Apparatus. One test tube, Pyrex, 75 ml. capacity, 25 by 200 mm., greduated at 35 
and 50 ml. These tubes are sold as Folin-Wu digestion tubes. Micro burner. Retort 
stand with clamp. 

Reagents. 1. SutFuRic Acip, 50 PER CENT. Carefully mix equal parts of concen- 
trated sulfuric acid and distilled water, adding acid slowly to the water; cool. 

2. HyproGEN PEROXIDE, 30 PER CENT, NITROGEN-FREE. 

3. NESSLER’S REAGENT. See page 967. 

4. STANDARD AMMONIUM SULFATE SOLUTION. Ammonium sulfate (C.P., special, 
pyridine-free) should be dried in a hot air oven for 12 hour at 110° C. and then 
allowed to cool 20 minutes in a desiccator. Weigh on an analytical balance 0.142 gm. 
Wash into a beaker to dissolve, then wash into a 1 liter volumetric flask. Add 1 ml. 
concentrated C.P. hydrochloric acid (to prevent growth of molds). Dilute to the mark 
with distilled water. Keep in a well stoppered bottle (5 ml. = 0.15 mg. of nitrogen). 

Procedure. 1. Pipet 5 ml. of protein-free blood filtrate into a dry, lipped, thin- 
walled, 75 ml. Pyrex test tube (200 by 25 mm.) graduated at 35 and SO ml. 

2. Add 1 ml. of the sulfuric-water mixture and, to prevent bumping, add a dry 
Pyrex glass bead or a quartz pebble (may be omitted). 

3. Clamp the test tube in a test tube support and boil vigorously with the micro 
burner until the water is removed and the characteristic dense acid fumes fill the tube. 
This will occur in from 3 to 7 minutes, depending on the size of the flame. The heat 


978 METHODS FOR CHEMICAL EXAMINATIONS OF THE BLOOD 


Age—- 2 182 161 25 


Ht 173  Hty173 
yet EowAlyy 
Kilos 


10 09 09 10 
18 18 
10 10 
60 60 
HS at 
I it 


40 1? 40 


60 i6 430 


1294 
20 11 20 


10-25 
a 30 

10 10 
0740 


Fig. 372. Line chart for calculating correction for body size in the urea clearance test. 

(From Peters and Van Slyke, Quantitative Clinical Chemistry. Courtesy of Williams and Wilkins 
Company.) 
from the small flame must not strike the tube above the surface of the liquid which 
turns dark brown. 

4. Cool slightly and add 3 drops of 30 per cent hydrogen peroxide. 

5. Turn down the flame so that the contents are just visibly boiling and, after 
fumes appear, close the mouth of the tube with a short stemmed funnel. Continue the 
heating for a few minutes or for 2 minutes after the digest is perfectly clear. 
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6. Turn out the flame, remove the funnel, and allow to cool. 

7. When cooled to room temperature, add about 20 ml. of distilled water, 2 drops 
of gum ghatti solution, and dilute to the 35 ml. mark. 

8. Add Nessler’s reagent to the 50 ml. mark, insert a clean rubber stopper and mix. 
If the solution is turbid, centrifuge a portion, giving a crystal clear fluid above a white 
sediment (silica). If the sediment is colored, the nesslerization was not successful and 
the determination must be discarded. The unknown and the standard should be ness- 
lerized at approximately the same time. 

9. Prepare the standard as follows: pipet 5 ml. of ammonium sulfate standard into 
a 50 ml. volumetric flask. Add 1 ml. of the acid mixture. Add about 30 ml. of distilled 
water and 2 drops of gum ghatti solution. Add 15 ml. of Nessler’s reagent. Dilute to 
the mark and mix. 

10. Compare the standard and unknown in the colorimeter after 10 minutes, the 
standard being set at 20. 


Calculation. = xX 30 = milligrams nonprotein nitrogen per 100 ml. of blood. 


Or: set the unknown at 15; then 2 X reading of standard — mg. per cent of nonpro- 
tein nitrogen in original blood. 

Notes. 1. The process of nesslerization is also used in the urea methods. Color is 
due to a complex which forms a colloidal solution. The necessary conditions are (a) 
proper alkalinity, (b) proper concentration of ammonium ion (should not be too high, 
less than 1 mg. per 100 ml. of final solution), (c) temperature of solutions at 20° C. 
or lower (for best results), (d) instantaneous mixing of the alkaline Nessler reagent 
with the ammonia solution (lest the precipitation of the colloid take place), (e) low 
concentration of neutral salts and (f) gum ghatti, acting as a protective colloid, to help 
maintain the colloidal state. 

2. Photoelectric comparison is advantageous in this determination for the reasons 
given under the urea nitrogen determination. The procedure for the color development 
is exactly the same. Use filter No. 54 and compare against a distilled water zero. The 
blank should contain all the reagents except the blood fiitrate. As in the urea determin- 
ation the blank reading, which should be subtracted from the unknown and standard 
readings, will be found to be small and constant for any given set of reagents and it 
and the standard reading need only be determined at intervals. 

; 30 
cousuor: reading of standard 
cent of nouprotein nitrogen in original blood. 

3. In the digestion, bumping is often a source of serious difficulty. The most 
important cause of bumping lies in the condition of the test tube. In dry test tubes 
and beads the very fine pores are filled with air and until this air has been driven out 
by heat, localized formation of steam occurs and the boiling is smooth and even, but 
as these pores are gradually filled with the liquid bumping begins. 

4. In case of bumping after repeated determinations, heat the tube to red heat in 


(= factor) & reading of unknown = mg. per 


a flame, cool and rinse with alcohol. 
5. The amount of nonprotein nitrogen in normal blood ranges from 25 to 35 milli- 


grams per 100 ml. 
6. The nitrogen estimated by this method represents the nitrogen of blood con- 


stituents which are not thrown down by the precipitant but remain in solution. This 
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nitrogen has been called the “nonprotein nitrogen” and “‘uncoagulable nitrogen.” Of 
the total nitrogen of the blood, it is about 1 per cent. Its principally known constituents 
are urea, uric acid, creatinine, creatine and amino acids. The nitrogen in these does not 
equal the total nonprotein nitrogen. The difference has been called the “undetermined 
nitrogen” and contains principally peptid and peptone nitrogen. Urea nitrogen repre- 
sents from 40 to 65 per cent of the total, with a normal average of 50 per cent of the 
total nonprotein nitrogen. Findings higher than 40 milligrams indicate nitrogenous 
retention; the failure of the kidney to eliminate waste products. By determining the 
amounts of the known constituents, particularly urea, uric acid and creatinine, more 
detailed information is obtained than by the determination of the total nonprotein 
nitrogen only. 

7. In the case of bloods containing excessive amounts of nonprotein nitrogen a 
cloudiness results; the determination should be repeated, using 2 or 1 ml. portions of 
filtrate. 

8. A slightly excessive concentration of alkali at once precipitates the colloidal 
colored ammonium compound. Local zones of excessive alkalinity coagulate part of 
the solution. The Nessler reagent is dilute enough so that localized zones of alkalinity 
ordinarily do not occur. 

9. Turbidity in the final solution, aside from that due to silicon dioxide, is ordi- 
narily due to the fact that the Nessler’s solution is too strongly alkaline or the acid 
digestion mixture is too weak or too much sulfuric acid has been lost during digestion. 

10. The use of funnels is primarily to prevent loss of sulfuric acid so that the 
alkalinity of the nesslerized standard and unknown shall be the same. The greater the 
alkalinity the deeper is the color. In eliminating the loss of sulfuric acid fumes there 
is also eliminated all danger of losing ammonia together with those fumes. 

11. The use of sulfuric acid-water plus 30 per cent peroxide permits rapid digestion 
without the corrosion of the glass tube which takes place when phosphoric acid is used 
in the digestion mixture. 
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Principle. In this method by Frame, Russell and Wilhelmi (J. Biol. Chem., 1943, 
149:255) amino nitrogen groups combine with beta naphthoquinone sulfonate to form 
highly colored compounds which may be measured colorimetrically. 

Reagents. 1. Soprum BrTa-NAPHTHOQUINONE-4-SULFONATE. Eastman No. 1372, 
0.5 per cent solution, freshly prepared and used within an hour. This reagent gradually 
decomposes and the solution becomes visibly darker in a few hours. Prepare only about 
20 ml. at a time. 

2. Soptum TETRABORATE. Borax, 2 per cent solution. 

3. Soptum Hyproxipe. N/10. 

4, PHENOLPHTHALEIN. 0.25 per cent alcoholic solution. 

5. ActD-FoRMALDEHYDE. 0.30 N hydrochloric acid containing 0.04 molar formalde- 
hyde. Place 300 ml. of N hydrochloric acid in a 1 liter volumetric flask. Add 3 ml. of 
40 per cent (by volume) formaldehyde, dilute to mark with distilled water and mix 
thoroughly. 

6. Soprtum TurosutFatTE. 0.05 M. 

7. STOCK STANDARD AMINO AcID SOLUTION. Danielson (J. Biol. Chem., 1933, 
101:505) recommended an equimolar mixture of glycine (amino acetic acid) and 
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glutamic acid as a standard because its color matches in shade that formed in blood 
filtrate. Weigh 0.268 gm. of glycine and 0.525 gm. of glutamic acid on the analytical 
balance. Place in a 400 ml. beaker and dissolve with a solution of 0.07 N hydrochloric 
acid containing 0.2 per cent sodium benzoate. Transfer quantitatively to a 500 ml. 
volumetric flask and bring the meniscus to the mark with the hydrochloric-benzoate 
solution. One ml. of this solution contains 0.2 mg. of amino nitrogen. It will keep 
indefinitely if stored in the refrigerator when not in use. 

8. HyprocHtoric Acip. 0.07 N containing 2 per cent sodium benzoate. Weigh 
2 gm. of sodium benzoate on a pan or triple beam balance, place in a 1 liter volumetric 
flask and dissolve in about 100 ml. of distilled water. Add 700 ml. or 0.1 N hydro- 
chloric acid and bring to a volume of one liter with distilled water. Mix thoroughly. 

9. WORKING STANDARD AMINO AcID SOLuTION. Just before use pipet 5 ml. of the 
stock standard amino acid solution into a 200 ml. volumetric flask and add distilled 
water to the mark. Mix thoroughly. One ml. of this solution contains 0.005 mg. of 
amino acid nitrogen. 

Procedure. 1. Place 5 ml. of 1:10 tungstic acid filtrate into a test tube graduated 
at 15 ml. 

2. Place 5 ml. of the working standard amino acid solution into a similar tube. 

3. Add 1 drop of 0.5 per cent alcoholic phenolphthalein solution to each tube. 

4. To each tube add N/10 sodium hydroxide, drop by drop, until a permanent pink 
color is established. 

5. Add 1 ml. of borax solution to each tube. 

6. Add 1 ml. of the freshly prepared beta-naphthoquincne-4-sulfonate solution to 
each tube, mix well by sidewise shaking and place the tubes in a briskly boiling water 
bath for 10 minutes to develop the color. After heating, cool in cold water for 5 
minutes. 

7. Dilute the contents of each tube to about 12 ml. with distilled water. Then, to 
each tube add 1 ml. of acid-formaldehyde, mix well, and follow with 1 ml. of thiosulfate 
solution (0.05 M). Mix the contents of each tube thoroughly. This decolorizes the 
excess naphthoquinone and makes the mixture acid. 

8. Dilute each tube to the 15 ml. mark with distilled water, mix, and let stand 
10 to 20 minutes before reading in the colorimeter. If a final volume other than 15 ml. 
is used, the same final concentrations of acid-formaldehyde and thiosulfate should be 
preserved by the addition of proportionate amounts of these reagents. 

9. If a photoelectric colorimeter is used prepare a blank containing all reagents. 
This blank should be prepared simultaneously with each group of unknown deter- 
minations. 

Calculations. 1. For visual colorimetry (Duboscq): 


R = reading of unknown 
S = reading of standard 


° OOS S< =" = mg. of amino acid nitrogen in 100 ml. of blood 


If S = 20 then, 100/R = mg. of amino acid nitrogen per 100 ml. 


2. For photoelectric colorimetry use filter No. 49 (transmission of light in region 
of wave length 490 mu) and set the apparatus at zero with a tube containing distilled 
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water. Subtract the blank reading from the readings of both standard and unknown, in 
which case: 
reading of unknown (density) — reading of blank 
reading of standard — reading of blank 
mg. of amino acid nitrogen per 100 ml. of blood. 


X 0.025 X 100 = 
; 0.5 


The factor = 5/(reading of standard — reading of blank), may be constant for a 
series of determinations, then 


(reading of unknown — reading of blank) x factor = mg. of amino acid nitrogen per 100 
ml. of blood. 


Notes. 1. The blood of normal individuals in the postabsorptive state contains 
from 4.5 to 8 mg. per 100 ml. There is more amino acid nitrogen in blood cells than in 
plasma. There appears to be some amino acid nitrogen liberated as blood clots, there- 
fore the values for serum are higher than those for plasma. 

2. The amino acid content of the blood is increased in acute yellow atrophy; phos- 
phorus, arsenic, chloroform or carbon tetrachloride poisoning; sometimes in acute 
catarrhal jaundice; in uremic nephritis; leukemia and in many pathologic conditions 
where it is not directly associated with the disease. 

3. Insulin will reduce the amino acid content of blood to almost as great a degree 
as it reduces blood sugar. The amino acid content of the serum is also low in children 
with the nephrotic syndrome. 

4, Since aromatic amines react with the quinone reagent, the presence in blood of 
unconjugated sulfonamide derivatives will increase the color effect slightly, 7.e. 10 mg. 
per cent of circulating sulfonamide is equivalent to 0.8 mg. per cent of amino acid 
nitrogen. Arsphenamine, neoarsphenamine and mapharsen also have a slight enhancing 
effect. 

5. The principal substances occurring naturally which might lead to erroneous 
results are ammonia, uric acid and allantoin, of which uric acid is of importance in 
human blood. Its effect is to yield color equivalent to 0.1 mg. per cent of amino nitrogen 
when present in a concentration of 1.0 mg. per cent and may be disregarded unless the 
uric acid is very high. 

6. Chinard and Van Slyke have checked this colorimetric method against the nin- 
hydrin method (J. Biol. Chem., 1943, 150:231). They show great deviations in the 
plasma amino acid nitrogen values on plasma from uremic patients. The ninhydrin 
method employing the manometric blood gas apparatus requires time and skill and 
may be beyond the scope of the average clinical laboratory. If the laboratory needs 
very accurate amino acid determinations and the apparatus is available, the ninhydrin 
method is the best procedure. 


DETERMINATION OF CREATININE 


Principle. This method by Folin and Wu (J. Biol. Chem., 1919, 38:81) depends 
upon comparing the yellow color produced in a protein-free blood filtrate by the action 
of alkaline picrate with the color similarly produced in a known standard solution of 
creatinine. 

Reagents. 1. StocK CREATININE SOLUTION. In a 100 ml. volumetric flask dissolve 
0.1 gm. of creatinine in N/10 hydrochloric acid and dilute to the mark with the same 
acid. 
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2. STANDARD CREATININE SOLUTION. Pipet 3 ml. of the stock creatinine solution 
into a 500 ml. volumetric flask, add 100 ml. of N/10 hydrochloric acid and dilute to 
mark with water (5 ml. contain 0.03 mg. of creatinine). 

3. Hyprocutoric Acip (APPROXIMATELY N/10). Dilute 10 ml. of hydrochloric 
acid to 1 liter. 

4. SATURATED Picric Acip SotuTIon. Place about 15 gm. of purified picric acid 
in a large Erlenmeyer flask; add 1 liter of water; heat over low flame until the picric 
acid is dissolved. Cool and keep in dark. Decant the clear solution for use. 

5. SoprumM HyproxIpDE SoLuTION, 10 PER CENT. 

6. ALKALINE PicraTe. To 25 ml. of the saturated picric acid solution add 5 ml. 
of sodium hydroxide solution. This should be freshly prepared for each determination. 

Procedure. 1. Pipet 10 ml. of protein-free blood filtrate (Folin-Wu) into a small 
dry flask (Erlenmeyer or Florence) and mark B. 

2. Pipet 5 ml. of the standard creatinine solution into a second flask and mark S; 
add 15 ml. of distilled water. 

3. Add 5 ml. of the freshly prepared alkaline picrate solution to flask B and 10 ml. 
to flask S. 

4. Mix and let stand for 10 minutes. Compare in the Duboscq colorimeter within 
15 minutes after color development, first matching the standard against itself. 


Calculation. A volume of standard equal to that of the unknown contains 2 x 


0.03 = 0.015 mg. of creatinine. Then 
reading of S 
reading of B 
If blood filtrate is set at 15, S/10 — mg. of creatinine per 100 ml. of blood. 

Notes. 1. The normal range of creatinine is from 1 to 2 mg. per 100 ml. of blood. 

2. Five ml. of the standard gives a color for accurate colorimetric comparison with 
filtrates whose creatinine content is not over 2 mg. per 100 ml. of blood. For bloods 
known or thought to contain values higher than this, use 10, 15, or 20 ml. of the 
standard with proportionally less water. If the content is very high, use less filtrate 
with proper dilution. Before the addition of the alkaline picrate the volume of flask S 
should be 20 ml. and the volume of flask B should be 10 ml. 

3. The orange to yellowish-brown colors developed in this method are very difficult 
to match accurately in a visual colorimeter, but are readily measured photoelectrically. 
The reagents are the same as in the method for visual colorimetry and the procedure 
is somewhat simpler: 

Unknown: to 5 ml. of the 1:10 protein-free blood filtrate add 2.5 ml. of alkaline 
picrate solution. Mix and read in the colorimeter after 10 minutes against the blank 
tube zero setting using a No. 54 light filter. 

Blank: to 5 ml. of distilled water add 2.5 ml. of alkaline picrate solution. Mix and 
place in colorimeter and adjust to zero. 

Standard: to 5 ml. of the creatinine solution containing 0.03 mg. of creatinine add 
2.5 ml. of alkaline picrate solution. Mix and read in colorimeter after 10 minutes 
against the blank tube zero setting. 

6 
reading of standard 
cent creatinine in original blood. 


100 ae 
OOS > ms. of creatinine per 100 ml. of blood. 


Calculation: (= factor) reading of unknown = mg. per 
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4. The calibration factor determined in duplicate or triplicate is valid indefinitely 
and thus standard readings need only be made occasionally to insure that it has 
remained constant. 

5. Since the proportionality is good from 0 to 10 mg. per cent, only the one 
standard need be set up if the photoelectric method is used. 

6. The amount of creatinine is very constant for the individual and is not appre- 
ciably affected by diet, being almost entirely endogenous in origin. It is the last of the 
nitrogenous waste products to accumulate in nitrogenous retention. Hence its accumu- 
lation in the blood is of grave prognostic significance. In chronic conditions, once it 
begins to accumulate, it rarely decreases. A concentration of 5 mg. or over per 100 ml. 
of blood is usually followed by death within a short period. In acute conditions and 
acute exacerbations of chronic conditions, the accumulation decreases with the sub- 
sidence of the acute stage but when there has been damage to the kidneys, the level 
will remain slightly above normal. The chief value of its determination is during the 
later stages of kidney disease. 


DETERMINATION OF URIC ACID 


Principle. In this method by Brown (J. Biol. Chem., 1926, 68:123) the color pro- 
duced by the action of a phosphotungstic acid reagent with the uric acid in protein-free 
blood filtrate is compared with the color produced by the same reagent with a standard 
solution of uric acid. 

Reagents. 1. Stock STANDARD Uric Acip SoLuTion. Weigh on an analytical bal- 
ance 1 gm. of uric acid and transfer to a funnel on a 300 ml. flask. Place 0.45 to 0.50 
gm. lithium carbonate in a beaker in about 150 ml. of distilled water and heat to 60° 
C., stirring until all the carbonate has dissolved. With the hot carbonate solution, rinse 
the uric acid into the flask and shake. As soon as a clear solution is obtained, cool 
under running water, with shaking, and transfer to a 1 liter volumetric flask. Rinse 
and dilute to a volume of 400 to 500 ml. Add 20 ml. of formalin, and after shaking 
to insure thorough mixing, add 3 ml. glacial acetic acid. Shake to remove most of the 
carbonic acid and dilute to the mark. Keep in small, tightly stoppered bottles in a dark 
place. This solution keeps indefinitely. 

2. WoRKING STANDARD Uric Acip SoLuTiIon. Dilute 1 ml. of the stock solution in 
a 200 ml. volumetric flask to the mark with water (5 ml. are equivalent to 0.025 mg. 
uric acid). This keeps about 1 week in the refrigerator. 

3. SopIUM CYANIDE SoLuTION. In a graduated, glass-stoppered cylinder, dissolve 
10 gm. of sodium cyanide in distilled water. Dilute to 200 ml. Prepare fresh each 
month. 

4. Uric Actp REacEnt. Place in a 1000 ml. Erlenmeyer flask, 100 gm. of molyb- 
denum-free sodium tungstate, 70 ml. of phosphoric acid, and about 700 ml. of distilled 
water. Boil gently for 2 hours using a reflux condenser. Allow to cool and dilute to 1 
liter. 

Procedure. 1. Pipet 10 ml. of protein-free blood filtrate into a 100 ml. Erlenmeyer 
flask marked B,; add 5 ml. of water. 

2. To two other flasks marked ST and STi add, respectively, 5 and 10 ml. of the 
uric acid standard, and 10 and 5 ml. of water. 

3. To all flasks add, from buret, 5 ml. of sodium cyanide solution. Then add 0.5 ml. 
of the uric acid reagent. Mix and allow to stand iO minutes, 
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4. Compare in colorimeter the solution in flask B with the nearest matching 
standard. 
Calculation: 
ST = reading of standard I 
S/I = reading of standard II 
B= reading of blood filtrate 
x = milligrams of uric acid in 100 ml. of blood 
Bap 6G eS 
x BR Ore 7 


Set blood filtrate at 10 mm. then x = a 
SIU 
Set blood filtrate at 10 mm. then + = Ey 


Notes. 1. The disturbing effect of possible clouding during the 20 minute waiting 
period can be avoided if sodium and not potassium oxalate is used as anticoagulant. 

2. It has been found that the formaldehyde formerly used as a preservative in the 
diluted working standard sometimes causes nonspecific chromogenic effects. It is there- 
fore directed that this solution be made up fresh by a simple 1-200 dilution of the 
stock standard. 

3. The normal range of uric acid is from 2 to 4 mg. per 100 ml. of blood. 

4. Uric acid is the end product of purine metabolism, and is partly exogenous and 
partly endogenous. 

5. It is increased in kidney dysfunction, but has no clinical value herewith which 
is not indicated by the urea nitrogen determination. 

6. It is increased, with little or no increase in the other nitrogenous constituents 
in gout, and cardiac decompensation. 


DETERMINATION OF GLUCOSE 


Principle. This method by Folin and Wu (J. Biol. Chem., 1920, 41:367) is based 
upon the principle that when protein-free blood filtrate is heated with an alkaline 
copper solution, the glucose produces a precipitate of cuprous oxide which is dissolved 
by and reduces a phosphomolybdic acid solution. The resulting blue color is compared 
colorimetrically with one similarly prepared from a standard glucose solution. 

Reagents. 1. ALKALINE CopPER SoLuTIon. Dissolve 40 gm. of sodium carbonate 
in 400 ml. of distilled water. Dissolve 7.5 gm. of tartaric acid in 300 ml. of distilled 
water. Dissolve 4.5 gm. of cupric sulfate in 200 ml. of distilled water. In each case use 
heat to hasten solution; cool to room temperature. Pour the tartaric acid solution into 
the carbonate solution; add the cupric sulfate solution. Dilute to 1 liter. Mix. A red 
sediment may form in 1 to 2 weeks; if so, pour off the clear supernatant reagent or 
filter through paper. Reagent keeps indefinitely. 

2. PHospHomotyspic Acip SoLuTION. Dissolve 40 gm. of sodium hydroxide in 
400 ml. of distilled water. Add 70 gm. of molybdic acid, 10 gm. of sodium tungstate 
and 400 ml. of distilled water. Boil for 14 hour. Cool. Dilute to 700 ml. Add 250 ml. 
of phosphoric acid and dilute to 1 liter. Mix. 

3. Benzoic Act. Dissolve 2.5 gm. of benzoic acid in 1 liter of hot distilled water 
and cool. Transfer to a bottle; the solution will keep indefinitely. Filter as necessary. 

4. STANDARD SUGAR SOLUTIONS. Stock. Weigh 1 gm. of pure dry glucose (Bureau 
of Standards sample No. 41 or reagent grade) on an analytical balance. Transfer to a 
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100 ml. volumetric flask, dissolve, and fill to the mark with benzoic acid solution. This 
1 per cent stock solution keeps indefinitely. 

SI. Standard Containing 10 mg. Glucose per 100 ml. Pipet 5 ml. of stock solution 
into a 500 ml. volumetric flask and dilute to the mark with benzoic acid solution. 


Fig. 373. Folin-Wu pipet. 


SII. Standard Containing 20 mg. Glucose per 100 ml. Pipet 10 ml. 
of stock solution into a 500 ml. volumetric flask and dilute to the 
mark with benzoic acid solution. Standards SI and SII will keep at 
least 6 months. 

Procedure. 1. Pipet (Fig. 373) 2 ml. of protein-free blood filtrate 
into a special Folin tube (Fig. 374). Label B. 

2. To a similar tube, add 2 ml. of standard sugar solution SI. 
Label SI. 

3. To a third Folin sugar tube add 2 ml. of standard sugar solu- 
tion SII. Label SIT. 

4. To each tube add 2 ml. of the alkaline copper solution. 

5. Transfer the tubes to a boiling water bath and heat for 8 


Teer. LA ees 

blood sugar tube. 6. Cool for 2 to 3 minutes in a cold water bath without shaking. 
(Courtesy of 7. Add to each tube 2 ml. of the phosphomolybdic acid solution. 

Arthur H. 8. Let stand for 3 minutes: dilute the resulting solution to the 

Thomas Com- 


25 ml. mark. 

9. Insert a rubber stopper and mix. (It is essential that adequate 
attention be given to the mixing because the greater part of the blue color is formed 
in the bulb of the tube.) 

10. After 10 minutes compare in a colorimeter with the nearest matching standard. 


pany.) 


Calculation: 
B= reading of blood sample. 
100 SI 200 SII 
a BO t= B 


When using standard SI set the blood sample at 20 mm., when « = 5 X SI. 

Or, when using standard SII set the blood sample at 10 mm., when x = 20 & SII. 

The color comparison may be made in the photoelectric colorimeter using this 
method exactly, if light filter No. 42 is used. Unlike visual colorimetry, the colors are 
found to be strictly proportional to the concentration up to about 400 mg. per cent and 
only one standard need be prepared. Comparison should be made against a water zero 
setting. Both the reagent blank reading as well as the standard reading remain con- 
stant over an indefinite period and need only be checked when new reagents are 
prepared. If standard SII be used, the calculation is: 


200 


reading of standard 
substances in original blood. 


(— factor) & reading of unknown = mg. per cent of reducing 
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Notes. 1. Complete cooling of the alkaline cuprous oxide suspension before adding 
the phosphate molybdate solution is not essential. The important point is that the 
standard and the unknown should not only be heated the same length of time, but 
should also have approximately the same temperature when the acid reagent is added. 

2. The normal range of concentration of blood glucose for the fasting adult is from 
80 to 110 mg. per 100 ml. of blood. 

3. If the blood filtrate gives a color too deep for accurate colorimetric comparison 
with the stronger standard, the test is repeated, substituting for the 2 ml. of blood 
filtrate in tube B, 1 ml. of blood filtrate and 1 ml. of distilled water. The final result 
must therefore be doubled. 

4. Glucose determinations are made immediately after taking the blood sample 
as the glucose rapidly disappears by glycolysis. Efficient refrigeration retards, but does 
not prevent, glycolysis. 

5. When the analysis cannot be made immediately, the proteins of the blood 
should be precipitated and the filtrate, to which are added a few drops of toluene, 
placed in the refrigerator. This filtrate will give accurate readings for 24 hours. 

6. A rise in blood glucose follows absorption from the intestinal tract. The fasting 
level is again reached within 3 hours after the ingestion of food. In some pathologic 
conditions, e.g. diabetes mellitus, this return is delayed and the rise is higher than in 
normals. This forms the basis of glucose tolerance tests. _ 

7. Hyperglycemia is found in diabetes mellitus, some cases of advanced nephritis, 
and frequently in emotional states. 

8. Hypoglycemia has been reported after thyroidectomy and in some hypoendo- 
crine conditions. 

9. One determination of the blood glucose is not a suffictent basis for a diagnosis 
of hyperglycemia; the high level must be constant. 

10. In “renal glycosuria” there is no hyperglycemia although there is glycosuria. 

11. Glycosuria is not dependent directly on the level of the blood glucose. The 
point of concentration which when reached results in glycosuria has been called the 
“renal threshold.” This appears to be individual and not a definite point; for most 
normal persons concentrations of 160 to 180 mg. result in glycosuria. These figures 
are higher in diabetes mellitus and late nephritis, but lower in “renal glycosuria.”’ The 
significance of glycosuria cannot be determined without simultaneous blood glucose 
determinations. 

12. The glucose content of the blood as usually determined is not chemically true 
as it is actually a measurement of copper reducing substances. The glucose in normal 
blood is approximately 90 per cent of the copper reducing material. As the physician 
has been taught to use normals derived from copper reducing substances it is possibly 
safer to retain this line of thought. 


MICROMETHOD FOR DETERMINATION OF GLUCOSE 
Principle. In this method by Folin and Malmros (New England J. Med., 1933, 
206:727) when a glucose solution is heated with an alkaline ferricyanide solution, the 
ferricyanide is reduced to ferrocyanide. The blue color produced when ferrocyanide 
reacts with a ferric iron solution is measured in a colorimeter. 
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Reagents. 1. SULFATE-TUNGSTATE SOLUTION. To about 250 ml. of distilled water 
in a 500 ml. volumetric flask add 10 gm. of anhydrous sodium sulfate and 15 ml. of 10 
per cent sodium tungstate solution. Shake to dissolve and dilute to the mark. 

2. SuLrurRic Acip SoLuTION. Place 96 ml. of N/12 sulfuric acid in a 100 ml. gradu- 
ated cylinder. Add 2 gm. of anhydrous sodium sulfate. Stopper and shake until dis- 
solved. Add distilled water to the 100 ml. mark and mix. 

3. Potassium FERRICYANIDE SOLUTION. Dissolve 2 gm. of C.P. potassium ferri- 
cyanide in distilled water and dilute to 500 ml. The major part of this solution should 
be kept in a brown bottle in a dark closet. The reagent in daily use should also be 
kept in a brown bottle. Prepare anew when it gives an appreciable blue colored blank 
with the ferric iron solution. 

4. Soptum CYANIDE-CARBONATE SOLUTION. Transfer 8 gm. of anhydrous sodium 
carbonate to a 500 ml. volumetric flask. Add 40 to 50 ml. of distilled water and shake, 
to promote rapid solution. Add 150 ml. of freshly prepared 1 per cent sodium cyanide 
solution; dilute to volume and mix. 

5. Ferric IRoN SoLutTion. To | liter of gum ghatti solution add a solution of 5 gm. 
of anhydrous ferric sulfate in 75 ml. of 85 per cent phosphoric acid plus 100 ml. of 
distilled water. Add to the mixture, a little at a time, 1 per cent potassium perman- 
ganate solution until a pink color remains which persists for at least 30 minutes. The 
solution keeps indefinitely. 

6. STANDARD GLUCOSE SOLUTION. To a 1 liter volumetric flask add 1 ml. of stock 
(1 per cent) glucose solution; add 125 ml. of 0.2 per cent benzoic acid; dilute to the 
mark and mix (1 ml. = 0.01 mg. of glucose). 

7, PicrATE Licut FILTer. A special glass light filter may be purchased or a filter 
may be prepared as follows: dissolve 5 gm. of picric acid in 100 ml. of methyl alcohol 
and add 5 ml. of 10 per cent sodium hydroxide solution. Place a pack of 8 to 10 filter 
papers (of the correct size to cover colorimeter lamp) on a level and smooth mat of 
newspapers. Pour the acid picrate solution on the filters until the papers are saturated 
and an excess of solution which filters through at the bottom flows out a distance of 
at least 2 centimeters on the newspaper mat. When all the liquid has evaporated and 
the filter papers are perfectly dry, pour over the pack an excess of a 3 per cent solution 
of paraffin in benzine (gasoline) and again let the papers dry. A heavy filter with good 
absorbing qualities is best. 

These picrate light filters may be placed over the opening in the colorimeter light, 
but it is also satisfactory to cut them into pieces which may be fitted over the reflector 
of the colorimeter. The reflection from the yellow paper is sufficient for good color 
matching. 

Procedure. 1. In a 15 ml. conical centrifuge tube place 3.9 ml. of the sulfate- 
tungstate solution. 

2. With a special 0.1 ml. Folin micro blood pipet, collect 0.1 ml. of blood from an 
ear or finger and transfer it to the solution in the centrifuge tube, rinsing with the 
solution 2 or 3 times. 

3. Add 1 ml. of the sulfuric acid solution, mix by stirring and centrifuge. 

4, Transfer 2 ml. of the supernatant fluid to a test tube graduated at 25 ml. and 
add 2 ml. of distilled water. 

5. Transfer 4 ml. of the standard sugar solution to a similar tube. 

6. To each tube add 2 ml. of the potassium ferricyanide solution, 
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7. To each add 1 ml. of the sodium cyanide-carbonate solution. 

8. Heat in boiling water for § minutes and cool in running water for 2 minutes. 

9. To each add 5 ml. of the ferric iron solution and mix. 

10. Allow to stand for 2 minutes and dilute to the 25 ml. graduation. 

11. Using the picrate light filter, adjust the colorimeter so that the 2 fields have 
the same color intensity. Compare the 2 solutions after 10 minutes. 

Colorimeter readings between 40 and 5 mm. may be accepted without repeating 
the determination. 

Calculations: 


X = milligrams of glucose in 100 ml. blood 
S = reading of the standard 


Set the blood filtrate at 20 mm. when X = 5 & S 
Color comparisons may be made in the photoelectric colorimeter. Use filter No. 54 
and a distilled water zero setting. Make a reagent blank reading and subtract from the 
readings of standard and unknown. If the standard is of the strength used for visual 
100 


reading of standard 
unknown = mg. per cent of glucose in original blood. 


Notes. 1. This method is recommended for use in cases where it is difficult to do 
a venipuncture or when the patient must be bled frequently. 

2. Blood taken from the finger is a mixture of venous and arterial blood and the 
sugar values after a glucose meal are higher than corresponding ones from venous 
blood alone. 

3. The picrate filters are to eliminate the yellow color of the ferricyanide solution. 
When the colors are nearly the same, the filter may be dispensed with. 


colorimetry the calculation is: (= factor) < the reading of the 


VOLUMETRIC DETERMINATION OF CARBON DIOXIDE CAPACITY 
AND CONTENT 


Principles. 1. This method by Van Slyke and Cullen (J. Biol. Chem., 1917, 30:289) 
measures the plasma bicarbonate content when the plasma is saturated at room tem- 
perature with carbon dioxide at the tension existing in the alveolar air of a normal 
individual (approximately 5.5 per cent carbon dioxide). This value is an indication of 
the amount of reserve base (alkaline reserve) available for buffer purposes. The carbon 
dioxide and other gases in the equilibrated plasma are liberated by lactic acid and by 
a partial vacuum in the Van Slyke volumetric apparatus (Fig. 375) and measured at 
atmospheric pressure and room temperature. In calculating the result the physically 
dissolved carbon dioxide and other gases (nitrogen and oxygen) are subtracted so that 
the value obtained represents carbon dioxide in the form of bicarbonate. This method 
is useful in measuring the marked fall in plasma bicarbonate that takes place in such 
metabolic acidoses as diabetes or nephritis where the displacement is due to the intro- 
duction of acids stronger than carbonic acid. This procedure was introduced before the 
technic for the anaerobic handling of blood had been developed and when it took skill 
and a large sample to determine the pH of blood. In clinical practice, where over- or 
underventilation may also be present, determinations of the carbon dioxide content and 
pH of the anaerobic sample are the only procedures that will give an exact picture of 
the acid-base condition. Although the authors of the capacity method abandoned it 
many years ago in favor of the determination of carbon dioxide content, the combining 
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capacity is still widely used and therefore is presented. It is important that those using 
the method realize its limitations. 

2. If whole blood, plasma or serum is to be analyzed for carbon dioxide content 
certain precautions must be observed in the collection and preservation of samples in 
order that the content of gases may not change before the analysis is completed. In this 
determination an attempt is made to keep the blood at the carbon dioxide tension that 
existed in the body. It should be collected without exposure to air and transferred 
immediately to a centrifuge tube under neutral mineral oil as described on page 961. 
Although carbon dioxide is more soluble in oil than in the electrolyte solution of blood, 
the diffusion rate of the gas through oil is much less and the loss of gas is retarded. 


Fig. 375. Precision model of the Van Slyke gas analysis apparatus with water jacket and Stadie shaker. 


3. Of the carbon dioxide that may be obtained from blood, serum or plasma in a 
volumetric apparatus, the greater part is present in the form of the bicarbonate ion. 
Before this potential carbon dioxide can be released for measurement, it must be freed 
from this combination. Lactic acid, a stronger acid than carbonic acid, is used to 
convert the bicarbonate to carbonic acid and the vacuum extraction principle is used 
to free the gas. Complete extraction of all the dissolved gas is not possible with one 
extraction, but if the amount of solution and the ratio of the liquid phase to the gas 
phase are kept constant, the residue of carbon dioxide remaining in solution can be 
calculated from the solubility coefficient and conditions that are present during the 
gualysis. Correction can be made for the dissolved oxygen and nitrogen in serum or 
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plasma that are released in the extraction. The extracted gas is measured at atmospheric 
pressure and the volume of carbon dioxide in 100 ml. of sample is calculated. For the 
most accurate results the carbon dioxide can be absorbed with alkali and the actual 
volume of carbon dioxide determined. This procedure must be followed when whole 
blood is analyzed. 

Preparation of Sample. 1. Collect 5 ml. or more of blood from an arm vein into 
an oxalated centrifuge tube, or the blood may be drawn into 2 syringe and delivered 
to an oxalated tube with the least exposure to air. For the CO, combining capacity 
determination oil need not be used although it will help in diminishing any disturbance 
in the acid-base equilibrium. The blood in the tube should be stirred gently and just 
enough to mix the oxalate dissolved from the wall of the tube. If the blood is agitated 
markedly, there will be a loss of carbon dioxide which will result in the transfer of Cl 
from the cells to the plasma with a significant reduction of the alkaline reserve of the 
plasma. The blood should be brought immediately to the laboratory and centrifuged 
within a few minutes after its withdrawal from the patient. The clear plasma is 
pipetted off immediately into a clean dry test tube and stoppered. In situations where 
the results are not needed at once this sample may be kept for 8 hours without losing 
any of its capacity to take up carbon dioxide. 

2. For the saturation of the sample a 300 ml. pear-shaped separatory funnel is 
connected to a small bottle containing moistened glass beads. The plasma (3 or 4 ml.) 
is placed in the funnel, and the air over the sample replaced with a 5.5 per cent COv-air 
mixture or with the alveolar air from the lungs of the analyst. If alveolar air is used, 
make a normal deep inspiration and exhale completely through the bottle. Repeat this 
twice and then immediately close the stop-cock and stopper the funnel. The funnel is 
disconnected from the bottle and rotated slowly for a few minutes exposing a large 
surface of the plasma to the gas mixture. The funnel is then placed upright for a few 
minutes so that the plasma drains into the bottom of the funnel. The sample is now 
ready for analysis. 

Reagents. 1. Lactic Acip, APPROXIMATELY Normat. Dilute one volume of con- 
centrated reagent lactic acid, specific gravity 1.20, to 10 volumes with distilled water. 
This acid can be made carbon dioxide-free by shaking it in a large evacuated flask for 
a few minutes or by bubbling air through the solution. By the latter procedure the CO» 
is reduced to about 0.03 volumes per cent in equilibrium with atmospheric carbon 
dioxide. 

2. Lactic Acip, APPROXIMATELY 0.1 N. Dilute the first mixture 10-fold and aerate 
or boil to remove carbon dioxide. 

3. Caprytic ALcoHoLt. This is also called antifoam solution and methyl-n- 
hexylcarbinol. This alcohol should be tested in a blank determination. If appreciable 
amounts of gas are liberated, the alcohol should be redistilled under diminished pres- 
sure, rejecting the more volatile fraction. 

4. MERCURY. 

5. APPROXIMATELY NorMAL Soprum HyproxIpE So.uTion. Dilute 5.5 ml. of the 
concentrated stock sodium hydroxide solution (page 945) to 100 ml. with distilled 
water. This solution should be made gas-free and stored under mineral oil. Transfer 
about 30 ml. of the approximately normal alkali to the reaction chamber of the blood 
gas apparatus. Seal all the capillaries above the upper stop-cock with mercury. With 
the upper stock-cock closed, lower the mercury in the chamber to the 50 ml. mark 
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giving a gas phase of about 20 ml. Shake the apparatus for about 2 minutes. Discard 
the gas through cup by carefully raising mercury as outlined in the procedure. Repeat 
the lowering of the mercury, shaking and removal of extracted gas twice. The alkali 
solution is then drawn into a calcium chloride tube fitted with a rubber connection 
to a delivery glass tip. The alkali can be stored in the calcium chloride tube under 
mineral oil and delivered as needed by release of a pinchcock. 

Procedure. 1. After the apparatus has been properly cleaned and tested for leaks, 
the entire machine, including the capillaries above the upper stop-cock, is filled with 
mercury. 

2. Place one drop of caprylic alcohol in the bottom of the cup with the leveling bulb 
in middle position. With the lower stop-cock open, turn the upper stop-cock carefully to 
admit the caprylic alcohol into the bore and capillary above upper stop-cock. Close 
both stop-cocks. Do not use large amounts of caprylic alcohol or abnormally high re- 
sults will be obtained. 

3. Two ml. of 0.1 N lactic acid are placed in the cup. Add exactly 1 ml. of blood, 
plasma or serum with a Van Slyke-Ostwald pipet. In order to get pipet into sample 
under oil without picking up large quantities of the latter, hold forefinger tightly over 
outlet at top of pipet and go quickly through the oil. Pause for a second until the oil 
breaks away from pipet and then draw sample up. If a small oil drop gets into pipet 
it will remain above sample and, since the measurement is between two marks, it will 
not enter the apparatus. The oil must be wiped off the outside of the pipet before 
adjustment of the sample to the mark. 

4. If a pipet without stop-cock is used, the pipet containing the sample is placed 
in the cup so that its lower tip is close to the capillary above the cup. The sample 
is allowed to flow carefully into the cup so that it will layer itself under the lactic 
acid. This is easy to do because the density of the sample is greater than the lactic acid 
solution. As the meniscus of the sample reaches the lower mark on pipet, raise the tip 
of the pipet close to the surface of the lactic acid in order to deliver the exact volume 
of sample. If a pipet with a stop-cock is used, the sample can be delivered directly 
into the chamber using a rubber tip on the pipet to prevent the lactic acid in the cup 
from flowing into the chamber. 

5. With the leveling bulb in middle position, open upper stock-cock and control the 
delivery of sample and lactic acid by means of the lower stop-cock. The lactic acid is 
run in until the mercury reaches the 2.5 ml. mark on the chamber. Close both stop- 
cocks and remove excess lactic acid from cup. 

6. Add a few drops of mercury to the cup and seal capillary and upper stop-cock. 
This is done by allowing enough of the mercury in the cup to run through the capillary 
and stop-cock into the chamber so that the capillary and stop-cock bore are filled with 
mercury when the stop-cock is turned off. No air should be allowed to enter the 
chamber during this operation. 

7, With the leveling bulb held in the lower position, open the lower stop-cock and 
draw the level of the mercury (not aqueous mixture) to the 50 ml. mark at the bottom 
of chamber. As the sample is placed under the reduced pressure and mixes with the 
acid, gas escapes from the sample. If the sample foams markedly insufficient caprylic 
acid was introduced into the machine. Under this condition the vacuum should be 
released by allowing mercury to return to the chamber and a drop of caprylic alcohol 


CARBON DIOXIDE CAPACITY AND CONTENT 993 


added, the stop-cock again sealed with mercury, and the mercury again lowered to 
the 50 ml. mark. 

8. The chamber is now shaken for 2 minutes. If a mechanical shaker is not avail- 
able the apparatus (chamber) is removed from its stand and shaken by hand without 
inverting it for two minutes. At the end of this time the motor is stopped or the vessel 
is carefully placed back on the stand and allowed to drain for 30 seconds. 

9. Draw the aqueous mixture (but no gas) as completely as possible into the 
storage bulb below the lower stop-cock. The entrance of the mixture into the bulb can 
be controlled better if the leveling bulb is held to create a slight vacuum below the 
lower stop-cock; the flow of the mixture is controlled by opening the lower stop-cock. 

10. Close lower stop-cock to entrap mixture in storage bulb and place leveling 
bulb in middle position. 

11. Open the lower stop-cock very carefully to the side-arm below lower stop-cock 
and control the flow of mercury into the chamber. When the mercury ceases to rise 
raise the leveling bulb and place it so that the surface of the mercury in the leveling 
bulb is at exactly the same level as the mercury in the apparatus. The small amount 
of aqueous fluid that may be above the mercury meniscus can usually be neglected. 
If a height of 3 cm. or more of solution is above the mercury, the height of the mer- 
cury in the leveling bulb should be raised 1/13th of the height of the aqueous column 
above the inside mercury level. When equilibrium is obtained close lower stop-cock and 
place leveling bulb in middle position. 

12. Read the volume of gas (the aqueous meniscus if fluid is above mercury) 
estimating 0.01 ml. Call this volume V. Record temperature of environment and baro- 
metric pressure at time of determination. 

Calculation. 


X = ml. of carbon dioxide bound as bicarbonate in 100 ml. of plasma 
V =vol. of gas read in pipet of chamber at temperature t and barometric pressure B; 
temperature in degrees Centrigrade and B in mm. of mercury. 


x= se (100.8 — 0.27 t) (V + 0.002 t — 0.136) 


760 


For barometric pressures near 760 mm. and temperatures from 20 to 25° C. an ap- 
proximate calculation for CO, capacity suitable for all clinical work is: 


If V is 0.60 to 0.70 multiply by 100 and subtract 12 


0.40 0.60 il 
0.35 0.40 10 
0.25 (O):555) 9 
G20. ay 0,25 8 
OiiS4.- 50-20 7 
0.12 OMS 6 


13. When CO, in plasma or serum is determined, the reading of the total gas 
volume may be taken as the finish of the determination. A certain amount of air is 
carried into the apparatus dissolved in the plasma and in the reagent. This can be 
corrected for with sufficient accuracy for most clinical determinations. When the carbon 
dioxide is not absorbed the actual volume of the liberated gas V is corrected for the 
dissolved other gases by subtracting the value in the second column of Table 71. This 
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TABLE 71. FACTORS FOR CALCULATING CO, CONTENT DETERMINED BY 
VOLUMETRIC APPARATUS WITH BLOOD, PLASMA, OR SERUM SAMPLES 
OF ONE MILLILITER. (From Van Slyke and Stadie). 


Air in extracted gases from plasma | Factor by which ml. of CO, ex- 

Temperature | and water. Subtract from observed | tracted from one ml. of plasma, 

SiGe air plus CO, volume if CO, and air | serum or blood is multiplied to 

are measured together. give volumes per cent CO, 

B 
15 0.048. OO} xX 760 
16 0.048 Do Xe 
ily 0.048 OO Se = 
18 0.047 Oars 
19 0.047 Oe Se 
20 0.046 Op x ™ 
2A 0.046 ONG o< 
LD 0.045 HHO 
23 0.045 O54 <a 
24 0.045 O43 ae 
13) 0.044 O42 ce, 
26 0.044 OG es  & 
Pi 0.044 ib Ss 
28 0.043 OW) A OE 
29 0.043 Cig se 
30 0.043 O12 ea 
Sil 0.043 OO 2 
32 0.042 GOO) X< 
33) 0.042 89.4 & 
34 0.042 i 2 


corrected value is multiplied by the factor calculated from the second column of the 
same table to give the carbon dioxide in volumes per cent per 100 ml. of sample. For 
example if from 1 ml. of plasma 0.55 ml. of gas were obtained at 22° C. when the 
barometric pressure was 755 mm., then 


O59! 0045 10!505 


0.505 X 96.0 X = = 48 volumes per cent CO, per 100 ml. of sample. 
When whole blood is analyzed so much oxygen is mixed with the carbon dioxide 
that it is necessary to determine the carbon dioxide by absorbing it with sodium 
hydroxide and measuring the residual volume of gas. The difference between the two 
readings is the actual volume of carbon dioxide liberated from the sample. If the 
apparatus is not provided with a Shohl trap it is much safer always to absorb the CO, 
because if small amounts of air diffuse into the apparatus they will not interfere with 
the determination. 

14. The best procedure is to absorb the CO. by alkali. After the measurement of 
total gas volume V the leveling bulb is lowered so that a partial vacuum is obtained, 
the gas space increased to about 5 ml. in the chamber. The lower stop-cock is closed. 

15. Two ml. of the normal sodium hydroxide are placed in the cup. One ml. of the 
alkali is allowed to flow slowly into the chamber, at least 30 seconds being taken for 
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its admission. After the alkali is admitted, the upper stop-cock is sealed with mercury. 
The solution is now allowed to drain for one minute. 

16. The gas volume is now brought to atmospheric pressure in the same manner 
as before and its volume is read. Call this volume V,. The difference V — V; is the ml. 
of carbon dioxide obtained from one ml. of sample at the temperature t and B mm. of 
mercury pressure. This value (ml. of CO.) multiplied directly by the proper factor 
indicated in the last column of Table 71 will give volumes per cent of CO, in 100 ml. 
of sample. 

Notes. 1. The results of the carbon dioxide combining capacity are expressed in 
“volumes per cent” and have reference to the number of ml. of carbon dioxide measured 
at O° C. and 760 mm. of mercury pressure, chemically bound as bicarbonate in 100 ml. 
of blood plasma. X in the equation just given is expressed in this unit. In a normal rest- 
ing adult the range is from 53 to 70 volumes per cent and for normal infants about 10 
volumes per cent lower. A result of 40 to 53 volumes per cent shows mild acidosis, 
generally without symptoms. In cases yielding from 31 to 40 volumes per cent, symp- 
toms may be apparent. Less than 31 volumes per cent indicates severe acidosis. This 
method is useful for the study of such metabolic conditions in which the acid-base 
disturbance is due to retention of nonvolatile acids while the respiratory control of the 
blood pH is unaffected. This method may give misleading results in conditions where 
the respiratory control is disturbed. 

2. The concentration of total carbon dioxide content in plasma of normal resting 
individuals ranges between 55 and 70 volumes per cent; venous blood between 50 and 
60 volumes per cent; and arterial blood 45 to 55 volumes per cent. To change volumes 
per cent to millimols per liter divide by 2.224. 

3. When carbon dioxide in plasma or serum is determined without the introduction 
of aikali, it is not necessary to wash out the apparatus between analyses. The slight 
amount of CO, remaining dissolved in the film of acidified solution which adheres to 
the chamber walls is negligible. After the measurement the contents are expelled into 
a waste jar by elevating the leveling bulb and turning the upper stop-cock to connect 
with waste jar. Any mercury forced into the waste jar can be recovered from time to 
time,.cleaned and used again. When alkali has been used in the apparatus, it is neces- 
sary to run water into the apparatus to get rid of it. Before the next analysis it is 
advisable to use some normal lactic acid in the apparatus to be sure that all the alkali 
is neutralized, and to reduce the carbon dioxide content of the wet film that is always 
present. 
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In this method by Van Slyke and Neill (J. Biol. Chem., 1924, 61:582) the reagents 
are the same as in the volumetric determination. 

Procedure. 1. After the apparatus has been cleaned and tested for leaks it is 
entirely filled with mercury. A drop of caprylic alcohol is drawn into the capillary above 
the upper stop-cock and 2.5 ml. of gas-free 0.1 N lactic acid are placed in the cup. 

2. The sample (1 ml. of blood, plasma or serum) is carefully measured in a Van 
Slyke-Ostwald pipet with stop-cock and run into the chamber, the pipet having a rub- 
ber tip to prevent the lactic acid from mixing with the sample. To allow the sample 
to enter the chamber, the leveling bulb is lowered to the middle position, the stop-cock 
of the pipet and the upper stop-cock of the apparatus are opened, and the flow is 
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controlled with the leveling bulb stop-cock (lower stop-cock). When the meniscus of 
the sample reaches the lower mark of the pipet, the leveling bulb stop-cock is closed. 
The stop-cock of the pipet is then closed and the pipet is removed from the cup. 

3. The 2.5 ml. of lactic acid in the cup is now allowed to flow into the chamber 
by carefully controlling the movement with the leveling bulb stop-cock. 

4. Seal the upper stop-cock with mercury without any air getting into the chamber. 
With the leveling bulb held in the low position the chamber is evacuated by controlling 
the removal of mercury with the leveling bulb stop-cock until the mercury meniscus 
in the chamber has fallen to the 50 ml. mark. The leveling bulb stop-cock is then closed. 

5. Shake the reaction mixture for 2 minutes. 

6. After the gases are extracted, the mercury is allowed to re-enter the chamber 
and the meniscus of the solution is brought to the 2 ml. mark. The precision of the 
method depends on the exactness in bringing the gas to this volume. The leveling bulb 
stop-cock should be opened gradually to avoid a sudden surge of the mercury into the 
chamber. The mercury should rise at a fairly rapid rate through the middle three 
quarters of the chamber. Then gradually the stop-cock is closed to reduce the rate of 
flow, making the flow so slow by the time the solution reaches the 2 ml. mark that the 
meniscus remains exactly on the mark without oscillation. Bringing the solution to the 
mark should take about 40 seconds. If the meniscus of the solution goes above the 
mark, or if oscillation of the mercury occurs, the chamber should be evacuated again, 
the solution shaken for one minute and the step repeated. With the gas at a volume 
of 2 ml., the manometer is then read (p; mm.) and the temperature of the water in the 
water jacket is recorded. 

7. The mixture in the chamber is now lowered so that the gas occupies a volume 
of about 5 ml. Two ml. of gas-free normal sodium hydroxide is placed in the cup. One 
ml. of the alkali is allowed to run slowly into the partially evacuated chamber to absorb 
the carbon dioxide. Absorption is complete if as much as 30 seconds is taken to run 
in the alkali. Seal the upper stop-cock with mercury. 

8. The solution in the chamber is lowered below the 2 ml. mark and then brought 
carefully to this mark. The manometer is then read (ps mm.). 

9. The C correction for the determination in the apparatus is determined by a 
blank analysis in which 3.5 ml. of 0.1 N lactic acid is extracted 2 minutes in the 
apparatus; the manometer is read before and after the addition of one ml. of 1 N 
sodium hydroxide. This difference in millimeters is the C correction. The construction 
of the apparatus is such that under these conditions the C correction amounts to about 
0.6 mm. It should always be determined for each machine. 

Calculation. 

Pco, = Pi — P2 — C 
Pco,, X factor (Table 72) = Volumes per cent carbon dioxide per 100 ml. of sample. 


Notes. 1. When plasma or serum are analyzed, 5 N alkali may replace the 1 N 
sodium hydroxide. Only 0.2 ml. is needed. The C correction is very small for this 
addition of alkali. This reagent should be protected from air. It need not be extracted 
to obtain a gas-free sample because the solubility of gases in this strong alkali is 
negligible. 

2. For the concentration of carbon dioxide in milliequivalents per liter, divide the 
value of volumes per cent by 2.224. 
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3. For clinical work a satisfactory determination can be made on a 0.5 ml. sample. 
In such an analysis, 3 ml. of 0.1 N lactic acid may be used in order to keep the volume 
of the aqueous solution at 3.5 ml. The factor in Table 72 should be multiplied by 2. 


TABLE 72. FACTORS FOR CALCULATING THE CO, CONTENT OF BLOOD OR SERUM 
IN VOLUMES PER CENT. 


Temperature Temperature 


Factor 
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Principle. In this method by Lundsgaard and Moller (J. Biol. Chem., 1922, 52:377) 
blood is saturated in the chamber of the volumetric apparatus, the undissolved air is 
ejected, and the oxygen content of the oxygenated blood determined. 

Reagents. 1. SAPONIN SOLUTION, 0.3 PER CeENntT. Dissolve 0.3 gm. of C. P. 
saponin in distilled water and make final volume of 100 ml. 

2. SATURATED (20 PER CENT) SOLUTION OF POTASSIUM FERRICYANIDE. 

3. CAPRYLIC ALCOHOL. 

4. Soptum HyproxipE SoLuTIon, 1 N (GAs-FREE). 

Procedure. 1. The apparatus is washed out twice with water before each analysis 
in order to remove alkali that was used to absorb carbon dioxide in the previous 
analysis. The entire apparatus is filled with mercury, including capillaries above upper 
stop-cock. 

2. Five ml. of the saponin solution, followed by 2 or 3 drops of caprylic alcohol 
is allowed to enter the extraction chamber from the cup without the introduction of air. 
The upper stop-cock is sealed immediately with mercury. 

3. The apparatus is evacuated by lowering the leveling buib to the lowest position 
and by controlling the flow of solution with the lower stop-cock. When the mercury 
meniscus reaches the 50 ml. mark the stop-cock is closed, the leveling bulb is returned 
to the middle position. The apparatus is shaken as described in the CO, determination 
for 2 minutes, to free the solution of air. 

4. The solution is allowed to rise slowly in the chamber by controlling the rate 
with the lower stop-cock. When it ceases to rise the lower stop-cock is opened wide 
and the leveling bulb is raised to a position slightly above the upper surface of the 
solution. The extracted air is expelled by opening the upper stop-cock carefully. For 
greater precision this extraction should be repeated until no more air is obtained. 
A single extraction will usually give results that are within experimental errors of a 
determination that is suitable for clinical interpretation. 
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5. The air-free solution is now placed in the storage bulb below the lower stop-cock. 
The extraction chamber and the cup above the upper stop-cock are washed twice with 
distilled water to remove the last traces of saponin solution. In this operation the 
mercury should be admitted very slowly to the chamber so that the film of aqueous 
solution on the walls will have a chance to rise ahead of the mercury. 

6. The extraction chamber and capillary above the upper stop-cock are filled with 
mercury. Any moisture in the cup may be removed by absorption with filter paper. 
Before the removal of any blood from the sample tube, the blood specimen must be 
stirred gently with a glass rod for at least one minute in order to assure a uniform 
distribution of the red blood cells. Avoid the production of foam. 

7. Two ml. of oxalated blood is measured carefully with a Van Slyke-Ostwald 
pipet and delivered to the cup. The blood is allowed to enter the extraction chamber 
very slowly in order to obtain as complete drainage as possible. In this operation the 
lower stop-cock is opened to the side arm. The blood is followed by a drop of caprylic 
alcohol. The upper stop-cock remains open so that air may follow the blood. The lower 
stop-cock is closed when the mercury meniscus reaches the 50 ml. mark. 

8. The blood is equilibrated with the air by shaking the apparatus for 3 minutes. 
By this procedure the blood is saturated with the oxygen of the air; each gram of 
hemoglobin in the blood takes up the equivalent of 1.36 ml. of oxygen measured under 
standard conditions (0° C., 760 mm. Hg). It is necessary to oxygenate undiluted 
blood; if the blood were laked with saponin solution before aeration, oxygenation 
would be only about 95 per cent complete. 

9. After saturation of blood with air, the mercury is run slowly into the extraction 
chamber, the blood being collected at the top. All the air is ejected and just enough 
blood is run up out of the extraction chamber to fill the capillary at the bottom of 
the cup. 

10. Then 0.1 ml. of a 20 per cent potassium ferricyanide solution is measured into 
the cup and run down into the blood, leaving enough above the cock to fill the capillary. 
The ferricyanide may be measured with sufficient accuracy as 3 drops from a dropper 
which delivers 1 ml. in 25 to 30 drops. This concentrated ferricyanide solution will 
precipitate protein and react with mercury. Therefore a few drops of mercury should 
immediately be run into the bore of the stop-cock to seal it and the chamber evacuated. 
Practically all of the mercury should be withdrawn from the chamber through the side 
arm. Rinse out cup with water. The saponin solution that was stored in the storage 
bulb below the lower stop-cock is now admitted to the chamber. The blood is laked 
by the saponin solution and the oxyhemoglobin is oxidized to methemoglobin by the 
ferricyanide, with the liberation of the oxygen held by hemoglobin. 

11. The apparatus is shaken for 3 minutes to extract the gases. The gas volume is 
then reduced to about 5 ml. and the leveling bulb placed in the middle position after 
closing lower stop-cock. 

12. Two ml. of normal sodium hydroxide solution is placed in the cup. One ml. 
of the alkali is admitted slowly into the partially evacuated space to absorb the carbon 
dioxide. A few drops of mercury are admitted to seal the stop-cock. If the sodium 
hydroxide enters the chamber as a solid column instead of running down the walls, 
it is dislodged by letting a little mercury pass down through it in a fine stream. It is 
usually necessary to dislodge with a drop of mercury the last drop of alkali solution 
which adheres just below the stop-cock. 
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13. The solution is now drawn down into the storage bulb below the extraction 
chamber, and the oxygen and nitrogen are measured by bringing these gases to atmos- 
pheric pressure. This volume V is the volume of O, plus No. 

Calculation. The total O2 plus N» expressed in volumes per cent can be calculated 
by multiplying the observed volume V by the proper factor given in Table 73. 


TABLE 73. FACTORS FOR CALCULATING OXYGEN, NITROGEN OR CARBON 
MONOXIDE CONTENT DETERMINED BY VOLUMETRIC APPARATUS WITH BLOOD 
SAMPLES OF 2 ml. (Peters and Van Slyke). 


Remper: | Factors by which ml. of gas Factors by which ml. of gas 


ature 
° 


| extracted from 2 ml. of blood extracted from 2 ml. of blood 
| are multiplied to give volume are multiplied to give volume 
per cent of gas in blood ; per cent of gas in blood 


B/760 
B/760 
B/760 
B/760 
B/760 
B/760 
B/760 
B/760 
B/760 
B/760 


46.8 
46.6 
46.4 
46.2 
46.0 
45.7 
45.5 
45.3 
45.0 
44.8 


B/760 44.6 
B/760 44.3 
B/760 44.1 
B/760 43.8 
B/760 43.6 
B/760 43.3 
B/760 43.1 
B/760 42.8 
B/760 42.6 
B/760 42.3 


DS OX OS OK IK USK PKK OX 
MOO EROS ZOE ORK GS 


To estimate chemically combined oxygen in drawn or aerated blood, subtract estimated cor- 
rections from the total oxygen, or oxygen plus nitrogen. From oxygen content of aerated blood 
determined as a measure of hemoglobin subtract 0.5 volumes per cent from total oxygen, or 1.9 
volumes per cent from oxygen plus nitrogen to estimate oxygen present as oxyhemoglobin. 


From the oxygen plus nitrogen content of the aerated blood subtract 1.9 volumes 
per cent to estimate the oxygen in combination with hemoglobin. For example: from 
a 2 ml. sample of blood the volume of gas (oxygen plus nitrogen) measured was 
0.55 ml. at 25° C. and at a barometric pressure (corrected) of 758 mm. Hg. 


V = Gas content (Oy, plus Nz) in volumes per cent = 0.55 & factor from Table 73. 
= 0.55 X 44.6 & 758/760 = 24.5 volumes per cent. 


Oxygen combined with Hemoglobin — 24.5 1.9 = 22.6 volumes per cent. 

Notes. 1. For a more exact determination the oxygen may be measured by absorp- 
tion with a hydrosulfite solution prepared as follows: 10 gm. of powdered sodium 
hydrosulfite and 1 gm. of sodium anthraquinone beta-sulfonate are placed in a beaker. 
The two solids may be conveniently mixed in large amounts. The mixture (11 gm.) 
may be measured with sufficient accuracy by volume in a marked test tube. To this 
mixture is added 50 ml. of 1.0 N potassium hydroxide and the mixture immediately 
stirred for a few seconds with a glass rod. It is then quickly filtered through cotton and 
transferred at once to the gas analysis apparatus where it is freed from air, and then 
stored in a container under oil. The modified Hempel pipet of Van Slyke and Hiller 
is a more convenient storage vessel for this solution because the mixture can be kept 
for about 2 weeks whereas under oil it should be made up fresh each day it is used. 
When the solution deteriorates, either from oxidation or standing, the deep red color 


changes to a light red or yellow. 
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After the measurement of the total gas volume, 2 ml. of the air-free hydrosulfite 
solution is placed in the cup. The lower stop-cock is opened, with the leveling bulb 
in the middle position so that the gas in the chamber is under slight negative pressure. 
The oxygen absorbent is admitted in small droplets at the rate of about one every 
5 or 10 seconds, so that a thin film is kept flowing continuously down the chamber 
until there is no shrinkage in the gas volume. About 0.5 ml. of hydrosulfite solution is 
used. The gas is reduced to a very small volume and then another 0.5 ml. of hydro- 
sulfite is run into the chamber. A few drops of mercury are run through the stop-cock 
to detach the drop of hydrosulfite which adheres at the top of the chamber. The upper 
stop-cock is sealed with mercury and the mixture in the chamber is stored in the 
storage bulb. The volume of nitrogen is determined at atmospheric pressure, tempera- 
ture and barometric reading are recorded. The difference in volume is volume of oxygen 
extracted from 2 ml. of blood. This volume multiplied by the proper factor gives the 
oxygen content of the aerated blood in volumes per cent. From the oxygen content of 
aerated blood subtract 0.5 volumes per cent to obtain the oxygen combined with 
hemoglobin. 

2. The oxygen content of arterial or venous blood may be determined by this pro- 
cedure except that the blood as drawn must be protected from the air and delivered 
to the machine for analysis without equilibration with air. When in analyses of drawn 
blood oxygen and nitrogen are measured together 1.2 volumes per cent No» is subtracted 
to estimate the total oxygen content. 

Determination of Hemoglobin. The most accurate determination of hemoglobin 
in blood is that estimated from a good oxygen capacity determination. One gram of 
hemoglobin is capable of combining with 1.36 ml. of oxygen. Therefore the oxygen 
capacity as volumes per cent divided by 1.36 or multiplied by 0.736 will give the 
grams of hemoglobin per 100 ml. of blood. This method will determine the functional 
hemoglobin or that capable of combining with oxygen and will not include any hemo- 
globin present as methemoglobin, carbon monoxide hemoglobin or other nonfunction- 
ing pigment. 

For most clinical purposes it is sufficiently accurate to determine hemoglobin 
colorimetrically. The hemoglobin may be converted into acid hematin, alkaline hema- 
tin, carboxyhemoglobin, or cyanmethemoglobin, or the blood may be diluted with 
dilute sodium carbonate or ammonia and the color read. Clinical colorimetric pro- 
cedures are given in Chapter 4. For the standardization of these procedures oxygen 
capacity determination on a blood sample is recommended. 

Another method for standardization and the determination of hemoglobin, is the 
determination of the total iron of blood by the Wong method which is given below. The 
iron content of hemoglobin has been established at 0.34 per cent. For practical pur- 
poses all of the iron may be considered as bound with hemoglobin (ordinarily more 
than 98 per cent of total iron). 

The oxygen content of blood can be determined accurately on the manometric 
apparatus when this machine is available. 


ESTIMATION OF HEMOGLOBIN BY THE DETERMINATION OF IRON 


Principle. According to this method by Wong (J. Biol. Chem., 1928, 77:409) the 
iron is separated from hemoglobin by means of sulfuric acid and potassium persulfate. 
The proteins are precipitated with tungstic acid and the iron in the filtrate is deter- 
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mined colorimetrically by the addition of potassium thiocyanate. From the total iron 
content, the hemoglobin concentration is readily obtained, since hemoglobin contains 
0.34 per cent of iron. The nonhemoglobin iron amounts to 1 or 2 per cent or less of 
the total iron content of the blood. 

Reagents. 1. Soprum TuncstaTE SoLuTIon. Ten per cent solution, same as that 
used in the Folin-Wu method for precipitating blood proteins. 

2. PoTasstUM PERSULFATE SoLution. Introduce into a glass-stoppered bottle ap- 
proximately 7 gm. of reagent-grade iron-free potassium persulfate. Add approximately 
100 ml. of distilled water. Shake well and let stand for a few hours. This is a saturated 
solution; the excess salt will settle to the bottom and later some will dissolve to 
replace persulfate lost from the solution by the slow decomposition that occurs in the 
solution at room temperature. Use only the supernatant fluid. As this solution slowly 
decomposes it cannot be kept indefinitely. 

3. PoTASSIUM THIOCYANATE SOLUTION. Transfer 146 gm. of potassium thiocyanate 
to a 500 ml. volumetric flask. Dissolve in distilled water and dilute to the mark. Pour 
into a glass-stoppered bottle, filtering if necessary. Add 20 ml. of acetone to assist in 
preserving the solution. As this solution deteriorates the blank of the determination will 
assume a yellow color. 

4. TRON STANDARD SOLUTION. Weigh out 0.700 gm. of crystallized ferrous am- 
monium sulfate (Mohr’s salt) on an analytical balance and dissolve in about 50 ml. 
of distilled water. Add 20 ml. of 10 per cent iron-free sulfuric acid. Warm slightly and 
add approximately N/10 potassium permanganate solution, a drop at a time with stir- 
ring, until a faint permanent pink color is obtained that remains for at least 30 seconds 
after stirring. Cool to room temperature and transfer quantitatively to a 1 liter volu- 
metric flask, dilute to mark with distilled water and mix well. Store in a tightly 
stoppered bottle. This standard is stable indefinitely. One ml. of the solution contains 
0.1 mg. of iron. 

An alternate solution can be made by weighing 0.861 gm. of crystallized ferric 
ammonium sulfate on an analytical balance and dissolving in about 50 ml. of distilled 
water. To the solution add 20 ml. of 10 per cent iron-free sulfuric acid and transfer 
quantitatively to a 1 liter volumetric flask. Dilute to mark with distilled water and 
mix thoroughly. Each ml. of this solution will contain 0.1 mg. of iron. 

5. CONCENTRATED SULFURIC AcID. Specific gravity 1.84, iron-free. 

Procedure. 1. Carefully pipet 0.5 ml. of well-mixed oxalated blood into a 50 ml. 
volumetric flask. 

2. Add 2 ml. of the concentrated sulfuric acid. Mix by whirling for 1 to 2 minutes. 

3. Add 2 ml. of saturated potassium persulfate and shake. 

4, Dilute the mixture to about 25 ml. with distilled water. 

5. Add 2 ml. of the 10 per cent sodium tungstate solution and mix. 

6. Cool to room temperature under the tap, and dilute to volume with distilled 
water. 

7. Stopper the flask and mix thoroughly by inverting the flask 2 or 3 times. 

8. Filter through a dry filter paper and collect the filtrate in a clean dry flask. 

9. Pipet exactly 20 ml. of the clear filtrate into a 25 ml. stoppered cylinder or into 
a large test tube graduated at 20 and 25 ml. and label B. 

10. Pipet exactly one ml. of the standard iron solution into a similar vessel and 


label S. 
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11. Add 0.8 ml. of the concentrated sulfuric acid to the standard in vessel S. Dilute 
with distilled water to the 20 ml. graduation. Cool to room temperature. 

12. Add one ml. of the saturated potassium sulfate solution to each vessel. 

13. Add 4 ml. of the potassium thiocyanate solution to each vessel. 

14. Insert clean stoppers, mix, and compare in the colorimeter. 

Calculation. The 20 ml. of filtrate used in the color development represents 0.2 ml. 
of the original blood, and the one ml. of standard iron solution used contained 0.1 mg. 
of iron, therefore 

2 <0)Is< = mg. of iron per 100 ml. of blood, or 


S X 50 
B 


= mg. of iron per 100 ml. of blood. 


One gm. of hemoglobin contains 3.35 mg. of iron, therefore mg. of iron per 100 ml. of 
blood divided by 3.35 = gm. of hemoglobin per 100 ml. of blood. The small amount 
of iron in plasma (0.04 to 0.23 mg. per 100 ml. of plasma) is neglected in the calcula- 
tion. 

To obtain volumes per cent of oxygen capacity the figure representing mg. of iron 
per 100 ml. of blood is multiplied by 22.4/55.9 or 0.4, since the amount of hemoglobin 
binding one mg. atom of iron or 55.9 mg., also binds 1 mg. molecule of oxygen, Oz, or 
22.4 ml. of gas measured at 0° C., 760 mm. of mercury. The calculation in terms 
of oxygen capacity therefore becomes: 


So< AC 
Che volumes per cent of oxygen capacity of blood. 


For photoelectric comparison the colors are developed as for visual comparison 
along with a blank containing 2.0 ml. of concentrated sulfuric acid and 2 ml. of 
saturated persulfate solution diluted to 50 ml. The color filter No. 54 (filter with maxi- 
mum transmission at 540 mu) is placed in colorimeter and distilled water is used for 
the zero setting. Subtract the blank reading from both the reading of the standard S 
and the reading of the unknown B. 


Calculation: 
ot di f unk = fi 100 ml. of blood. Th 
reading of standard xX reading of unknown — mg. of iron per ml. o ood. e 
factor pee en Ee should be constant for a set of reagents. 
reading of standard 
or: 
50 ; 1 
reading of standard Wig ta eu arene ist OS 335. Ge 
14.92 


Peatiieet andar reading of unknown = gm. of hemoglobin per 100 ml. of blood. 

Notes. 1. It is necessary to use a good iron-free grade of sodium tungstate because 
this reagent is not included in the blank used in the photoelectric colorimeter. The 
blank is an automatic check on this impurity in the other reagents. 

2. This method can be used to calibrate clinical hemoglobinometers where oxygen 
determinations are not available. 

3. If the filtrate has a brown tinge that is caused by too little acid or tungstate 
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it may become slightly opalescent if allowed to stand too long before color is developed. 
In either case it should be discarded. 

4. Ponder (J. Biol. Chem., 1942, 144:333) claims that best results are obtained 
if, after adding the concentrated sulfuric acid, the mixture is swirled continuously until 
quite homogeneous and then allowed to stand for 2 hours. After the addition of the 
saturated potassium persulfate, the mixture is allowed to stand again for one hour, and 
after the addition of sodium tungstate for another hour. 

5. In order to prevent the formation of large amounts of charred insoluble material 
when concentrated acid is added directly to sample, it has been suggested that the 
persulfate be added to the sample and then the acid. Several laboratories have re- 
ported favorably on this modification. 


DETERMINATION OF CHLORIDE 


The concentration of chloride in red blood cells is only about one-half that of the 
plasma or serum. Therefore, the concentration of chloride in whole blood is dependent 
upon the red blood cell volume and does not indicate accurately the concentration in 
either of the two phases. The determination of chloride on serum is preferred for 
clinical purposes. For this determination, the blood must be handled without loss of 
carbon dioxide or without increase in its acidity. When carbon dioxide escapes from 
blood some chloride ions enter the plasma from the red blood cells and if the blood 
acidity increases some chloride ions leave the plasma and enter the red cells. For 
accurate serum chloride determinations the blood should be obtained in a dry syringe 
and transferred to a test tube under a layer of mineral oil without spraying through 
the air. After centrifugation the serum should be separated from the cells immedi- 
ately. When the Folin-Wu blood filtrate is employed for a chloride determination the 
results must be interpreted in relation to the red blood cell volume. 

Whole blood chloride expressed as mg. of sodium chloride per 100 ml. of normal 
blood with a red cell volume of 45 per cent should range between 450 and 500. When 
the percentage of plasma is increased the concentration should approach that of the 
plasma. The normal range of serum chloride expressed as sodium chloride is between 
575 and 630 mg. per 100 ml. Results expressed in terms of mg. of chloride per 100 ml. 
may be converted into mg. of sodium chloride per 100 ml. by multiplying by 1.65. 

Since chloride concentration is concerned in the acid-base balance and in the regula- 
tion of osmotic pressure, many clinicians prefer to express ionic concentrations in milli- 
equivalents per liter. One milliequivalent of chloride is equal to 35.46 mg. of chloride 
or 58.5 mg. of sodium chloride. Milliequivalents of Cl per liter X 5.85 = mg. of 
chloride as sodium chloride per 100 ml. Milliequivalents of Cl per liter X 3.546 = mg. 
of chloride as Cl per 100 ml. 

Excess amounts of oxalate in the specimen of blood for plasma and serum deter- 
minations should be avoided because this anticoagulant, an electrolyte, influences the 
water and chloride equilibrium between cells and plasma. Heparin in the amounts 
required for the prevention of coagulation does not have this influence. 


VOLUMETRIC DETERMINATION OF CHLORIDE 


Principle. In this method by Whitehorn (J. Biol. Chem., 1921, 45:449) the 
chlorides in the Folin-Wu filtrate are precipitated as silver chloride by the addition of 
a carefully measured excess of a standardized silver nitrate solution. The excess silver 
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nitrate is determined by titration with a standardized solution of ammonium thio- 
cyanate, using ferric ammonium sulfate as an indicator. 

Apparatus. Micro buret 5 or 10 ml. capacity, graduated in 0.02 ml. 

Reagents. 1. StrveR NITRATE SOLUTION. Weigh on an analytical balance 2.906 gm. 
of reagent grade silver nitrate. Transfer to a 1 liter glass-stoppered volumetric flask. 
Dissolve and dilute to mark with distilled water. Preserve in a glass-stoppered bottle 
and store in a dark place. One ml. of this solution is equivalent to 1 mg. of sodium 
chloride (or 0.607 mg. of Cl). 

2. AMMONIUM THIOCYANATE SoLuTION. Dissolve about 1.5 gm. of ammonium 
thiocyanate in one liter of distilled water. Standardize this solution against the silver 
nitrate solution by using 10 ml. of distilled water in place of blood filtrate and follow 
the directions under “Procedure” given later, adjust the thiocyanate by the addition of 
distilled water and retitration until 10 ml. of the thiocyanate solution is equivalent to 
10 ml. of the silver nitrate solution. 

3. CONCENTRATED Nitric Acip. Halogen-free. 

4, Ferric AMMONIUM SULFATE SOLUTION. Dissolve 6 gm. of the salt in distilled 
water and dilute to 100 ml. 

Procedure. 1. Pipet 10 ml. of protein-free blood filtrate into a 50 ml. porcelain 
casserole or dish. 

2. Add 10 ml. of silver nitrate solution and stir with a glass rod. 

3. Add 5 ml. of concentrated nitric acid (using a graduated cylinder) and stir.. 

4. Add 5 ml. of the ferric ammonium sulfate solution and stir. 

5. Allow to stand 5 minutes protected from strong light. 

6. Titrate with the ammonium thiocyanate solution until a faint but definite 
salmon-red color of ferric thiocyanate persists throughout the solution for 15 seconds 
notwithstanding constant stirring. 

Calculation. 


t = ml. of ammonium thiocyanate solution used. 
10 — t = ml. of silver nitrate that formed silver chloride 
(10 —t) 100 = mg. of NaCl in 100 ml. of sample (blood or serum). 


Notes. 1. Chlorides of blood serum are increased in some cases of nephritis, essen- 
tial hypertension, cardiac conditions, during excessive intake of sodium chloride, and 
in hyperventilation. Low values are encountered in excessive vomiting, fevers, some 
cases of nephritis accompanied with vomiting and diarrhea, pneumonia, severe diabetes, 
Addison’s disease, edema, and a low intake of salt over a long period of time. 

2. Silver nitrate and nitric acid are not added to the protein-free filtrate at the 
same time because of the danger of mechanical enclosure of some of the silver nitrate 
in the curds, giving a consequent error in the positive direction. The use of nitric acid 
is essential, for besides preventing the precipitation of silver phosphate, it flocks out 
the silver chloride with a consequent reduction of the surface exposed. As silver thio- 
cyanate is more insoluble than silver chloride, it is evident that the surface exposed 
must be made as small as possible in order to prevent a reaction between silver chloride 
and ferric thiocyanate. The abundance of ferric ammonium sulfate used also retards 
this reaction by reducing the ionization of the latter. This also deepens the end point 
color by preventing hydrolysis of the red salt, Fe (CNS)s. 

3. The sodium tungstate solution used in the preparation of the Folin-Wu filtrate 
must not contain chloride as an impurity. The 10 per cent sodium tungstate should be 
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tested for chloride by adding 10 ml. of chloride-free nitric acid (concentrated) to 5 ml. 
of the tungstate solution, mixing and filtering into a test tube containing 2 ml. of silver 
nitrate solution. The mixture should show no white cloud of silver chloride. If the 
tungstate contains chloride it can be recrystallized by dissolving 100 gm. in 200 ml. 
of hot distilled water, allowing to cool and then slowly adding while stirring 200 ml. 
of 95 per cent ethyl alcohol. The crystals are filtered off, washed with alcohol and dried. 

4. The mixture of tungstic acid and chloride may precipitate more silver than can 
be accounted for by chloride alone, but the possibility for error is avoided by carrying 
on the titration in the presence of the precipitate when all the silver which has not been 
precipitated by chloride is available for titration with thiocyanate. 

5. Whitehorn’s greatest deviations with the method were —1.3 to +1.2 per cent 
and the limit of error with his technic was therefore less than 1.5 per cent. He used 
volumetric flasks to make the 1:10 dilution. An error of 0.1 ml. in measurement of 
silver nitrate will cause about 4 per cent error in the final result and an error of 0.1 ml. 
in the measurement of thiocyanate will result in about 2 per cent error. 


MERCURIMETRIC DETERMINATION OF CHLORIDE 


Principle. In this method by Schales and Schales (J. Biol. Chem., 1941, 140:879) 
chloride is titrated with mercuric nitrate solution, excess mercury being indicated by 
the violet-blue color formed with s-diphenylcarbazone. 

Reagents. 1. Mercuric NITRATE SOLUTION. Dissolve about 1.5 gm. of mercuric 
nitrate (reagent grade) in about 500 ml. of distilled water with the addition of 40 ml. 
of N nitric acid. Transfer to a one liter volumetric flask and dilute to the mark with 
distilled water. 

2. N/1 Nirric Acm. Dilute 130 ml. concentrated nitric acid (specific gravity 1.42) 
with distilled water to 2 liters. Titrate against N sodium hydroxide, using phenol- 
phthalein as the indicator. Make exactly normal strength by dilution with water and 
retitrate to check normality. 

3. InpicaTor. Dissolve 100 mg. of s-diphenylcarbazone (Eastman No. 4459) in 
100 ml. of 95 per cent ethyl alcohol. Store in the dark in a refrigerator. This reagent 
keeps about 2 months and should be discarded when its color becomes cherry-red. 

4. STANDARD SODIUM CHLORIDE SOLUTION. Dissolve 0.5 gm. of dry, reagent-grade 
sodium chloride in distilled water and transfer quantitatively to a one liter volumetric 
flask. Dilute to mark with distilled water. One ml. of this solution contains 0.5 mg. of 
sodium chloride. The salt may be dried in a drying oven at 110 to 120° C. for at least 
15 hours. 

Procedure with Tungstic Acid Filtrate. 1. Pipet 5 ml. of the standard chloride 
solution into a small porcelain dish or casserole. Or a 25-ml. Erlenmeyer flask may be 
used and the titration made against a white background. Add 4 drops (about 0.2 ml.) 
of indicator. From a micro buret the mercuric nitrate solution is added dropwise until 
the first drop in excess turns the clear and colorless solution an intense violet. 

2. Adjust the strength of the mercuric nitrate solution by the addition of distilled 
water acidulated with 40 ml. of N nitric acid per liter so that 1 ml. will be equivalent 
to 1 ml. of the standard chloride solution. Check the strength by repeating the titration 
as before. 

3. Pipet 5 ml. of the protein-free filtrate (1:10 tungstic acid) into a suitable con- 
tainer, add 4 drops of indicator solution and the mercuric nitrate dropwise from a 
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micro buret until the violet-blue color is obtained as in the standardization. This end- 
point color does not fade for a few minutes. A blank titration should be run on a 
mixture of 0.5 ml. of sodium tungstate, 4.0 ml. of N/12 sulfuric acid, and 0.5 ml. of 
distilled water if the tungstate contains measurable amounts of chloride. 

Calculation. 100 ml. of mercuric nitrate used — mg. of sodium chloride per 
100 ml. of sample (serum or blood). 

Notes. 1. When necessary this determination can be made satisfactorily on 2 ml. 
of filtrate. The calculation for a 2 ml. sample is 250 & ml. of mercuric nitrate used. 

2. The mercuric nitrate solution should contain the exact amount of nitric acid 
as specified; otherwise, the end-point in the titration will not be sharp. This method is 
satisfactory for neutral or slightly acid solutions but not for fluids of high alkalinity 
and low chloride content. If on addition of the diphenylcarbazone a pink color de- 
velops, or if the first drop of mercuric nitrate solution produces a lavender color, add 
dilute nitric acid dropwise until the color disappears (pH approximately 6.0). The 
titration then can be carried out to a satisfactory end-point. At a pH below 4.0 the 
mercuric complex with diphenylcarbazone is less intense. 

3.-The micro buret should have a tip small enough to deliver 0.02 ml. per drop. 

4. Errors inherent in all modifications of the Volhard method due to the presence 
of the silver chloride precipitate, and the fading end-point, are eliminated in this pro- 
cedure since the mercuric chloride is soluble and the color of the mercury-complex with 
the indicator does not fade. 

Procedure Made Directly on Blood Serum. If the Folin-Wu blood filtrate is not 
being made for other determinations it may be convenient to make this estimation 
directly on the blood serum. Deproteinization of blood serum is not necessary. The 
serum sample (0.5 ml.) is diluted with 4.5 ml. of distilled water and the determination 
is carried out as given for the filtrate. Under these conditions the solution becomes light 
yellow before the end-point and changes to pale violet at the end-point. Schales and 
Schales obtained results by the direct titration that were slightly higher than those 
observed with filtrates. A number of laboratories have found the direct titration satis- 
factory. When only small amounts of serum are available, the determination can be 
made by diluting 0.2 ml. of serum with 1.8 ml. of distilled water for the titration. The 
calculation is the same as for 2 ml. of tungstic acid filtrate. 


DETERMINATION OF INORGANIC PHOSPHORUS 


Principle. According to the method of Fiske and Subbarow (J. Biol. Chem., 1925, 
66:375) molybdic acid and a reducing agent are added to a trichloroacetic acid 
protein-free filtrate of blood, oxalated plasma or serum. When the determination is 
made on whole blood it is not laked but delivered directly into the acid in order to 
prevent the liberation of phosphate by hydrolysis of phosphoric acid esters which 
occurs very rapidly at the proper pH in the presence of the enzyme. The strong acidity 
of the protein precipitant inhibits enzymatic activity. The phosphomolybdic acid 
formed in the reaction between a phosphate and molybdic acid is reduced to the dark 
blue phosphomolybdous acid, the intensity of the color being proportional to the 
phosphate ion concentration. 

Reagents. 1. Ten Normar Sutruric Actp. Slowly add 450 ml. of concentrated 
sulfuric acid (specific gravity 1.84) to 1300 ml. of distilled water in a Pyrex container. 
Allow to cool and store in a glass-stoppered Pyrex bottle. 
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2. Motyspate No. 1 Sotution. Ammonium molybdate, 2.5 per cent, in 5 N sul- 
furic acid. Dissolve 12.5 gm. of ammonium molybdate in 100 ml. of distilled water in a 
500 ml. volumetric flask. Add 250 ml. of 10 N sulfuric acid solution and dilute to 
500 ml. with distilled water. 

3. Motyppate No. 2 Sotution. Ammonium molybdate, 2.5 per cent, in 3 N sul- 
furic acid. Prepare as previous solution but with only 150 ml. of 10 N sulfuric acid. 

4, TEN PER CENT TRICHLOROACETIC Acip. Dissolve 100 gm. of high-grade crystal- 
line acid in distilled water and dilute to a final volume of one liter. 

5. FIVE PER CENT TRICHLOROACETIC Acip. Prepare as the previous solution but 
use only half the quantity of acid. 

6. FIFTEEN PER CENT SODIUM BISULFITE SOLUTION. Dissolve 75 gm. of reagent- 
grade sodium bisulfite in distilled water and dilute to 500 ml. If solution shows slight 
turbidity let it stand 2 or 3 days and use only clear supernatant liquid. This solution 
must be well stoppered. This reagent can be made with salt labelled as sodium metabi- 
sulfite, NazS.Os. 

7. TWENTY PER CENT Sopium SULFITE SoLuTION. Dissolve 20 gm. of reagent- 
grade anhydrous sodium sulfite in distilled water and dilute to 100 ml. Filter if neces- 
sary and keep well stoppered. If the crystalline salt is available use 40 gm. of NasSOs. 
7 HO in the 100 ml. of solution. 

8. AMINONAPHTHOLSULFONIC ACID SOLUTION, 0.25 PER CENT. Place 195 ml. of the 
sodium bisulfite solution in a suitable glass-stoppered container and add 0.5 gm. of 
1,2,4-aminonaphtholsulfonic acid (Eastman reagent) and 5 ml. of the sodium sulfite 
solution. Stopper and shake vigorously until the powder is dissolved. If solution is not 
complete, add more of the sulfite, not more than one ml. at a time, with shaking, until 
it is dissolved. Additional sulfite may be needed when the bisulfite solution is old. This 
solution will keep at least 4 weeks in a dark-glass bottle stored in the refrigerator. 

9. STANDARD PHOSPHATE SOLUTION. Reagent grade of potassium dihydrogen phos- 
phate is finely ground in a mortar and exposed over calcium chloride in a vacuum 
desiccator for 3 or 4 days. Weigh out 0.3514 gm. on an analytical balance and dissolve 
in distilled water. Transfer quantitatively to a one liter volumetric flask and add 10 ml. 
_of 10 N sulfuric acid. Dilute carefully to the mark and mix thoroughly. This solution 
will keep indefinitely and should be guarded against contamination; 5 ml. — 0.4 mg. 
of phosphorus. 

10. DitutE PHOSPHATE STANDARD FOR PHOTOELECTRIC COLORIMETER METHOD. 
Pipet 5 ml. of the standard phosphate solution into a 50 ml. volumetric flask and dilute 
to the mark with the 5 per cent trichloroacetic acid solution; 1 ml. contains 0.008 mg. 
of phosphorus. 

Procedure with the Visual Colorimeter. PREPARATION OF PROTEIN-FREE FIL- 
TRATE. To a 50 ml. Erlenmeyer flask add 8 ml. of the 10 per cent trichloroacetic acid 
and while gently rotating, add 2 ml. of oxalated whole blood, plasma or serum. Stopper 
the flask with a clean rubber stopper, shake vigorously and filter at once through a 
dry, ashless quantitative filter paper; collect the filtrate in a dry clean vessel. 

Procedure. 1. Measure 5 ml. of filtrate in a 10 ml. volumetric flask or in a test tube 
graduated at 10 ml., add 1 ml. of the molybdate No. 2 solution. 

2. Pipet 5 ml. of the standard phosphate solution (5 ml. = 0.4 mg. P) into a 
100 ml. volumetric flask. Add approximately 60 ml. of distilled water and 10 ml. of 


molybdate No. 1 solution. 
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3. Add 0.4 ml. of the aminonaphtholsulfonic acid solution to the 10 ml. flask or 
tube containing the filtrate and dilute to the 10 ml. mark with distilled water. Mix the 
contents of the vessel thoroughly. Immediately add 4 ml. of the aminonaphtholsulfonic 
acid solution to the 100 ml. flask containing the standard, mix and dilute to mark with 
distilled water. Let stand for 5 minutes. 

4. Compare the unknown with the standard in the colorimeter. The standard should 
first be read against itself by placing it in both cups of the colorimeter. If the unknown 
is very much darker than the standard it is better to let the samples stand another 
10 minutes and repeat the readings. 

Calculations. The volume of the unknown colored solution is 10 ml., whereas that 
of the standard is 100 ml. It is necessary for calculation to note the amount of phos- 
phorus in a volume of the standard equal to that of the unknown. Since 100 ml. of the 
standard contains 0.4 mg. of P, 10 ml. contains 0.04 mg. of P. 


Hence 


adi f stand 1 
Le ELSES AUST soo ee lene Dae TOO HAL 
reading of unknown 1 


When the cup of the unknown is set at 10 mm., the reading of the standard cup 
multiplied by 0.4 gives mg. of inorganic phosphorus per 100 ml. of sample. 

Notes. 1. The aminonaphtholsulfonic acid reagent is greatly improved if the com- 
pound as purchased is recrystallized once by the method of Fiske and Subbarow. Heat 
one liter of water to about 90° C. and dissolve 150 gm. of sodium bisulfite and 10 gm. 
of crystalline sodium sulfite. To this mixture add 15 gm. of the dry powder and shake 
until all but the amorphous impurities have dissolved. Filter the hot solution through 
a large filter paper, cool the filtrate and add 10 ml. of concentrated hydrochloric acid. 
Filter with suction, wash with about 300 ml. of water and finally with alcohol until 
washings are colorless. The purified sulfonic acid should be dried in air with the least 
possible exposure to light, powdered and stored in a dark bottle. 

2. The amount of phosphate in the 10 per cent trichloroacetic acid should be 
determined for each lot purchased. Arrange three tall beakers of 150 ml. capacity on 
a piece of white paper. In beaker A, place 100 ml. of distilled water. In beaker B, mix 
85 ml. of distilled water, 10 ml. of molybdate No. 1 solution, and 4 ml. of the amino- 
naphtholsulfonic acid reagent; the resulting solution should be practically as colorless 
as water, without a trace of blue. Otherwise one or more of the reagents already added 
contain phosphate. In beaker C, place 40 ml. of trichloroacetic acid solution (10 per 
cent), 45 ml. of distilled water, 10 ml. of molybdate No. 2 solution and 4 ml. of 
sulfonic acid reagent. Stir these solutions with a clean glass rod. Into B now place 
1 ml. of a diluted phosphate standard solution containing 0.005 mg. of P per ml. 
and mix well. Proceed in the same manner, adding 1 ml. of this phosphate solution 
at intervals of not less than 2 minutes to B until B and C appear to have the same 
color when examined from above. The volume of phosphate solution which must be 
added to bring this about, multiplied by 0.05, is the correction to be subtracted (in mg. 
per 100 ml.) from the result in the analysis of the blood sample. 

3. Excess oxalate in the blood should be avoided as it prevents the development 
of color. The concentration of potassium oxalate should never be more than 2 to 3 mg. 
per ml. of blood. 
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4. When the inorganic phosphorus is determined on blood serum only samples that 
are completely free of hemoglobin should be used for analysis. The serum should be 
separated from the cells immediately after withdrawal of the blood from the patient. 
In the determination of inorganic phosphorus on whole blood, the protein-free filtrate 
should be made at once and it must never be heated; the analysis should be performed 
as rapidly as possible because of the danger of hydrolysis of the organic phosphorus 
compounds. 

5. In adults the concentration of inorganic phosphorus in normal blood serum is 
between 3 and 4.5 mg. per 100 ml. In the serum of infants and children it is slightly 
higher usually between 4.5 and 6 mg. per 100 ml. The inorganic phosphorus is increased 
in advanced nephritis with acidosis, in severe dehydration, during bone repair after a 
major fracture, by administration of large amounts of vitamin D, and in diminished 
parathyroid function. There is a decrease of inorganic phosphorus in rickets, osteo- 
malacia, injection of parathyroid extract, in hyperparathyroidism, during glucose 
utilization, and after the administration of insulin or adrenaline. Under normal condi- 
tions the inorganic phosphorus varies slightly with the season of the year, being highest 
in summer when the ultraviolet rays of the sun are intense. 

Procedure with the Photoelectric Colorimeter. PREPARATION OF PROTEIN-FREE 
FILTRATE. The filtrate is made in the same manner as given for the visual procedure 
except that only 1 ml. of sample is added to 9 ml. of 5 per cent trichloroacetic acid. 

Metuop. 1. To 5 ml. of filtrate (equivalent to 0.5 ml. of sample) in a 10 ml. 
volumetric flask, add the same amounts of molybdate No. 2 solution and amino- 
naphtholsulfonic acid reagent and then dilute to mark with distilled water. Mix 
thoroughly. 

2. Let stand in the dark for 10 minutes. 

3. Read the density on the photoelectric colorimeter provided with a red filter that 
transmits light in the region between 620 and 700 mu (Filter No. 66 with the Klett- 
Summerson instrument) and setting the instrument with a water blank. 

4. To 5 ml. of the diluted phosphate standard solution add the same quantities of 
the reagents used in the unknown solution and bring to a volume of 10 ml. with 
distilled water. Let stand for 10 minutes after mixing thoroughly and read in the 
photoelectric colorimeter. 

5. A reagent blank is also read under the same conditions. It consists of 5 ml. of 
the 5 per cent trichloroacetic acid solution in place of the standard phosphate or 
unknown. 

Calculation. If the change in color intensity obeys Beer’s law the following relation- 


ship may be employed: 


5 = : xX 0,04 X re = mg. of P per 100 ml. of sample (blood, plasma or serum). 


0.5 

where, U = Density of unknown color solution 

B = Density of reagent blank solution 

S = Density of standard color solution that contains 0.04 mg. of P 


Nore. The agreement of the change in color intensity with Beer’s law may be 
tested by reading the color intensities of solutions made by varying arnounts of the 
dilute phosphate standard brought to a total volume of 5 ml. with the 5 per cent 
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trichloroacetic acid solution. The factor F as calculated from the photoelectric readings 
should be constant with all dilutions. Four typical solutions are as follows: 


Dilute 5% Gc R GxXeb 
Standard Trichloro- Concentra- Readj f F equivalent X 
tion of P eae. Factor RorU 


phosphate acid ; 
[ mg. COE mg./100 ml. 


D = dilution (in this case 200). To obey Beer’s law, 


es the F < D value should remain 


ei Cene 
Rosey ee 
F,, F2 and Fs should be identical. F & D = 


very constant for a given instrument with the same reagents. This value should need 
to be checked only about once a week. If this constant is reliable, the unknown sample 
could be calculated in this manner: 


where F (factor) = 


(U — B) FX D= meg. of P per 100 ml. of sample. 


DETERMINATION OF ACID-SOLUBLE PHOSPHORUS 


Principle. The trichloroacetic acid filtrate from whole blood or serum is digested 
with sulfuric acid and the organic matter is oxidized with hydrogen peroxide. The 
phosphate is then determined by the Fiske and Subbarow method for inorganic phos- 
phorus. 

Reagents. 1. MoLYBDATE SOLUTION No. 3, 2.5 PER CENT NEUTRAL. Dissolve 12.5 
gm. of ammonium molybdate (reagent grade) in distilled water and dilute to 500 ml. 
Mix. Discard this solution when an appreciable amount of sediment forms. 

2. SutFuRIc Acip, 5 N SOLUTION. 

3. HypDROGEN PEROXIDE, 30 PER Cent. The products of Merck and of Baker are 
satisfactory. This reagent should be tested for the presence of phosphate. 

4. The other reagents are those used in the determination of inorganic phosphorus. 

Procedure. 1. Transfer 2 ml. of the protein-free filtrate (1:5 trichloroacetic acid 
filtrate as prepared for inorganic phosphorus determination) to a 25 by 200 mm. test 
tube and add 2.5 ml. of 5 N sulfuric acid. The tube is placed in a slanting position over 
a micro burner, with the burner tip about 2 cm. below the bottom of the tube, or 
suspended in a wire basket about 4 cm. above an electric hot plate. A small quartz 
chip is added to the tube to minimize bumping. 

2. After the water is removed and the mixture turns dark, remove the tube, cool 
slightly and add one drop of hydrogen peroxide directly to the digestion mixture. 

3. Replace the tube and continue the heating. The contents of the tube become 
colorless when the digestion is compicte. If the tube contents are still colored repeat 
the addition of the hydrogen peroxide and reheat. 

4. When the solution becomes colorless, cool the tube, add a few ml. of distilled 
water and momentarily heat to boiling to remove excess hydrogen peroxide. 
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5. Cool the tube and transfer the contents quantitatively to a 25 ml. volumetric 
flask. Dilute the solution to about 20 ml. with distilled water. 

6. Add 2.5 ml. of the molybdate reagent, mix well, and add 1 ml. of the amino- 
naphtholsulfonic acid reagent. Mix thoroughly and dilute to mark with distilled water. 

7. For visual colorimeter, make the standard used in the method for inorganic 
phosphorus determination (100 ml. of this color solution contains 0.4 mg. of phos- 
phorus). 

8. Allow the unknown and standard to stand 5 minutes after color development and 
read in colorimeter. 


Calculation. The 2 ml. of protein-free filtrate used for the determination represents 
0.4 ml. of the sample (blood or serum). In the color standard there is 0.1 mg. of 
phosphorus in the same volume, 25 ml. to which the unknown was diluted. The calcu- 
lation is as follows: 


reading of standard ae 100) Apa eee eesti 
reading of unknown elses Vee ete ne ee 


phosphorus per 100 ml. of blood or serum. 


Notes. 1. The total acid-soluble phosphorus includes the inorganic phosphate and 
organic phosphate esters which are not present as lipid or nucleoprotein material. In 
the plasma practically all the acid-soluble phosphorus is inorganic phosphorus. In the 
cells the reverse is true, the phosphorus being principally ester phosphorus. The prin- 
cipal ester of red blood cells is diphosphoglyceric acid which is of significance in the 
acid-base balance of the body. This fraction is depleted in acidosis. The acid-soluble 
phosphorus of normal blood is approximately 25 to 30 mg. per 100 ml. of whole blood. 
Interpretation of these values should include a determination of the red blood cell 
volume. The ester phosphorus is the difference between the acid-soluble phosphorus 
and the inorganic phosphorus. 

2. For the photoelectric colorimeter, a blank determination should be made. Two 
ml. of trichloroacetic acid is treated with the sulfuric acid, evaporated, oxidized with 
hydrogen peroxide and color reagents added exactly as in unknown. The determination 
is made under exactly the same conditions as in the determination of inorganic phos- 
phorus with the photoelectric instrument. One ml. of standard phosphate solution con- 
taining 0.08 mg. of phosphate plus 2 ml. of 10 per cent trichloroacetic acid is treated 
with sulfuric acid, evaporated, oxidized with hydrogen peroxide and color developed 
as described for the unknown: 


oad x 0.08 X a = mg. of total acid-soluble P per 100 ml. 

Determination of Total Phosphorus in Blood or Serum. The determination is 
made on a one to ten dilution of the sample with physiologic saline. Two ml. of the 
diluted sample is treated in the same manner as the 2 ml. sample of trichloroacetic acid 
filtrate in the acid-soluble phosphorus method. Calculation of the results is the same 
except that since the 2 ml. of sample taken for analysis represents 0.2 ml. of original 
sample, instead of 0.4 ml. as in the former determination, the results are multiplied 
by 2 to give the total phosphorus in mg. per 100 ml. of original sample. 
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DETERMINATION OF LIPID PHOSPHORUS 


Principle. The lipids are extracted in an alcohol-ether mixture. The residue from 
the evaporation of the extract is oxidized with sulfuric acid and hydrogen peroxide and 
the phosphate present is determined by the Fiske-Subbarow procedure. 

Reagents. Atconot-ETHER Mrxture. Three volumes of 95 per cent redistilled 
ethyl alcohol plus one volume of redistilled ether. Otherwise the reagents are the same 
as used in the acid-soluble phosphorus method. 

Procedure. 1. Into a 20 by 150 ml. test tube graduated at 20 ml. add 18 ml. of the 
alcohol-ether mixture. While shaking, drop in slowly 1 ml. of plasma or serum. Mix 
thoroughly. 

2. Place in a boiling water bath and heat the contents of the tube to boiling. 
Remove from bath and allow to cool to room temperature. Make up to a volume of 
20 ml. with the alcohol-ether mixture. Mix and filter. 

3. Transfer 8 ml. of filtrate to a 25 by 200 mm. test tube, add a silica pebble, place 
in a wire rack over an electric hot plate and evaporate to dryness. 

4. To the residue add 2.5 ml. of 5 N sulfuric acid and digest in the same manner 
as in the acid-soluble phosphorus method using hydrogen peroxide to clear the mix- 
ture. The rest of the procedure is the same as that for the acid-soluble phosphorus 
method. A different standard is used containing only half as much inorganic phosphate, 
0.5 ml. containing 0.04 mg. of inorganic phosphorus in 25 ml. of the color solution. 

Calculation. Since 8 ml. of extract represents 0.4 ml. of original sample the calcu- 
lation is similar to the acid-soluble phosphorus method, except that 0.04 replaces 0.08 
as the value of phosphorus in the standard. 

Notes. 1. Plasma or serum contains about 9 to 10 mg. of lipid phosphorus per 100 
ml.; whole blood contains slightly more, averaging about 12 mg. per 100 ml. These 
values expressed as lecithin are multiplied by 25 because the percentage of phosphorus 
in lecithin is 4 per cent. 

2. The significance of variations in lipid phosphorus in various pathologic condi- 
tions is not known. The increases observed in diabetes and nephritis follow roughly the 
degree of lipemia. 


DETERMINATION OF INORGANIC SULFUR 


Principle. In this method by Letonoff and Reinhold (J. Biol. Chem., 1936, 114: 
147) proteins are precipitated by uranium acetate, thereby also removing phosphorus. 
The sulfur is precipitated in the filtrates by benzidine hydrochloride and the color 
produced by the reaction of B-naphthoquinone-4-sulfonate on the solution of the 
precipitate is compared with a standard benzidine solution similarly treated. 

Reagents. 1. URANIUM ACETATE SOLUTION. Dissolve 0.8 gm. of uranium acetate in 
200 ml. of distilled water. é 

2. BENZIDINE SOLuTION. A filtered 1 per cent solution in acetone. Store in the 
refrigerator in a brown bottle; it should be discarded when it becomes highly colored. 

3. SopIuM HypDROXxIDE-Sop1uUM Borate SoruTIon. Dissolve 1.0 gm. of powdered 
sodium borate in 100 ml. of 0.1 N sodium hydroxide. 

4. SoprluM B-NAPHTHOQUINONE-4-SULFONATE SOLUTION. Dissolve 0.15 gm. of the 
pure compound in 100 ml of distilled water. It keeps about 2 weeks in the refrigerator. 
Each sample of this reagent should be tested by treating 2 ml. and 4 ml. of the working 
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standard solution of benzidine hydrochloride with the color reagent, borate and distilled 
water as described in Procedure. Acceptable preparations do not deviate from the 
theoretical Beer’s law relationship by more than 5 per cent. 

5. GiaciaL Acetic Actin. 

6. ACETONE. 99.5 per cent. 

7. STANDARD BENZIDINE HyprocHLoripk. The benzidine hydrochloride is first puri- 
fied as follows: dissolve 5 gm. of the compound in 200 ml. of 5 per cent hydrochloric 
acid by warming to about 50° C. Filter off any insoluble residue. To the filtrate add 
20 ml. of concentrated hydrochloric acid with continuous stirring. Cool in ice water 
for about 30 minutes, then filter off the crystals that have formed on a Buchner funnel. 
Wash with cold diluted hydrochloric acid (15 ml. of the concentrated acid to 100 ml. 
of water) using suction to remove the acid, then twice with 25 ml. portions of cold 
alcohol and 4 times with ether. The dry crystals should always be stored in a brown 
bottle. 

Transfer 0.1606 gm. of the purified benzidine hydrochloride to a 200 ml. volu- 
metric flask, dissolve in water previously warmed to about 50° C., cool and dilute to 
the mark. Store the solution in the refrigerator (10 ml. is equivalent to 1.0 mg. of 
sulfur). 

8. DiILuTE STANDARD BENZIDINE HypRocHLORIDE. Dilute 10 ml. of the solution 
just described to the mark in a 100 ml. volumetric flask. Store in the refrigerator (1.0 
ml. is equivalent to 0.01 mg. of sulfur). 

Procedure. 1. Pipet 6.0 ml. of the uranium acetate solution into a 15 ml. conical 
centrifuge tube, slowly add 2 ml. of serum and mix by inversion. Centrifuge for 10 
minutes. 

2. Measure 4 ml. of the clear supernatant into another conical centrifuge tube 
(selected so that tip will retain precipitates) add 1 ml. of glacial acetic acid and 9 ml. 
of the benzidine solution. 

3. Cap the tube, place in ice water for 30 minutes or longer, then centrifuge for 
15 minutes at 3000 r.p.m. 

4. Decant and discard the supernatant and drain the tube over filter paper for 3 
minutes. 

5. Add 14 ml. of acetone, suspend the precipitate in the acetone by mixing with a 
pointed fine glass rod, washing the rod with a little acetone when removing from the 
solution. 

6. Cap the tube and centrifuge again for 15 minutes at high speed. Discard the 
supernatant and drain 5 minutes. 

7. After the mouth of the tube has been wiped, add 1 ml. of the borate solution 
and dissolve the precipitate by stirring. Place the tube in water at 60° C. to aid in 
the solution if necessary. 

8. Add 10 ml. of water to the solution. 

9. Into 2 test tubes pipet 2 ml. and 5 ml. of the dilute benzidine hydrochloride 
standard and add 8 ml. and 5 ml. of distilled water respectively, followed by 1 ml. of 
the borate solution to each tube. 

10. To each of the 3 tubes add 1 ml. of the naphthoquinone solution, mix and 
allow to stand 5 minutes. 

11. Add 2 ml. of acetone to each tube, mix, and compare the unknown in the 
colorimeter with the standard nearest to it in color. 
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40 


reading of unknown 

per 100 ml. of serum if the 2 ml. standard is used or - - we : if the 5 ml. 
reading of unknown 

standard is used. If the result in terms of sulfate is desired, multiply the values just 

obtained by 3. 

Norrs. 1. Reagents should, of course, be free of sulfur. If glassware has been 
cleaned in dichromate cleaning fluid, it is essential that it be washed thoroughly with 
large quantities of water to be sure that all traces of sulfuric acid are removed. 

2. Inorganic sulfur in normal sera varies from 0.9 to 1.6 mg. per 100 ml. or 2.7 to 
4.8 when calculated as sulfate. It is increased in advanced glomerular nephritis and 


the uropathies due to obstruction, and polycystic kidney disease. 


= mg. of sulfur 


Calculations. Set the standard at 20, then 


GATIONS” GF THE BLOOD 


The principle cations of blood, namely, sodium, potassium, calcium and magnesium, 
are unevenly distributed between erythrocytes and plasma; the red cells contain a 
greater amount of potassium and magnesium, much less sodium, and practically no 
calcium. The analysis of whole blood for these cations is of no value for clinical pur- 
poses, whereas the determination of sodium, potassium and calcium in blood serum is 
very helpful. Since in the past the determination of each of these constituents by 
chemical means was very time consuming and tedious, the determination of the so- 
called “total base” (sum of Na, K, Ca and Mg) by various methods has been widely 
used in clinical investigations. The following procedures are recommended if the need 
arises for this determination: Stadie and Ross. J. Biol. Chem., 1925, 65:735; Hald. 
J. Biol. Chem., 1934, 103:471; Leva and Guest. J. Biol. Chem., 1939, 130:777; Polis 
and Reinhold. J. Biol. Chem., 1944, 156:231, and Sunderman. Am. J. Clin. Path., 1949, 
152219. 

The flame photometer makes the determination of sodium and potassium an easy 
routine procedure after the technic and the conditions necessary for obtaining repro- 
ducible results have been mastered. 


DETERMINATION OF POTASSIUM 


Principle. In this method by Looney and Dyer (J. Lab. & Clin. Med., 1942, 
28:354) serum potassium is precipitated as the silver cobaltinitrite compound from a 
protein-free filtrate from which chlorides have been removed. The washed precipitate 
is decomposed by alkali and the nitrite liberated. The nitrite in acid solution forms 
nitrous acid which diazotizes the sulfanilamide. The diazotized sulfanilamide is coupled 
to N-(1-naphthyl) ethylenediamine dihydrochloride and forms a stable red color which 
is compared with a potassium standard similarly treated. 

Reagents. 1. SoptumM TUNGSTATE SoLUTION. 1.5 per cent. 

2. COPPER SULFATE SOLUTION. 2.5 per cent. 

3. SILVER NITRATE SOLUTION. 2.5 per cent and 40 per cent. 

4. Soplum Hyproxipe SoLuTion. N/5 (approx.). 

5. SopIUM COBALTINITRITE SOLUTION. (a) Dissolve 25 gm. of cobalt nitrate crys- 
tals in 50 ml. of distilled water and add i2.5 ml. of glacial acetic acid. (6) Dissolve 
120 gm. of sodium nitrite in 180 ml. of distilled water. Add 210 mil. of (0) to all of 
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(a) and aerate the solution under the hood until all the nitrous oxide fumes are driven 
off. Store in the refrigerator; it keeps about 6 weeks. Filter each time before using. 

6. SILVER COBALTINITRITE SOLUTION. To 20 ml. of filtered cobaltinitrite solution, 
add 1 ml. of 40 per cent silver nitrate. Shake well and filter to remove traces of undis- 
solved precipitate. 

7, SULFANILAMIDE SOLUTION. Dissolve 0.5 gm. of pure sulfonamide powder in 100 
ml. of 30 per cent acetic acid. Prepare fresh weekly. 

8. COUPLER SOLUTION. Dissolve 0.1 gm. of N-(1-naphthyl) ethylenediamine dihy- 
drochloride (Eastman or La Motte) in 100 ml. of 30 per cent acetic acid. Prepare fresh 
weekly. 

9. WASHING Mixture. Mix 2 volumes of alcohol, 1 volume of ether and 2 volumes 
of distilled water. 

10. STANDARD Stock PorassiIuM SoLuTIoN. Prepare a stock standard by dissolving 
2.229 gm. of pure dry potassium sulfate in distilled water. Transfer quantitatively to 
a one liter volumetric flask and dilute with distilled water to the mark. Mix thoroughly. 
Preserve with a little toluene. One ml. of this stock solution contains 1 mg. of potas- 
sium. This solution is stable indefinitely. 

11. WorKING STANDARD Potassium SoLuTION. One ml. of the stock standard solu- 
tion is diluted to 100 ml. with distilled water in a glass-stoppered 100 ml. volumetric 
flask (3 ml. = 0.03 mg. of potassium). 

Procedure. 1. Into a clean test tube, pipet 0.5 ml. of serum, 7.0 ml. of distilled 
water, 1.0 ml. of 1.5 per cent sodium tungstate and 1.0 ml. of 2.5 per cent copper 
sulfate. Stopper, shake well and add 0.5 ml. of 2.5 per cent silver nitrate. Shake again, 
let stand 15 minutes and filter. 

2. Pipet 3 ml. of the clear filtrate into a 15 ml. graduated centrifuge tube and 
3 ml. of the diluted standard into a similar centrifuge tube. 

3. To each add 1 ml. of 95 per cent alcohol, 1 ml. of distilled water and place both 
tubes in a water bath at 18° to 22° C. for 5 minutes. 

4. Add to each tube 2 ml. of silver cobaltinitrite reagent, cap the tubes, mix the 
contents by swirling and replace them in the water bath for 2 hours. 

5. Centrifuge for 15 minutes at about 2800 r.p.m. 

6. With a capillary pipet remove the supernatant to the 0.2 ml. mark. 

7. Wash with 7 ml. of the wash reagent, rinsing down the sides but disturbing the 
precipitate as little as possible. 

8. Centrifuge for 15 minutes, decant, invert and drain over filter paper. 

9. Repeat this washing twice more. 

10. Add 10 ml. of 0.2N sodium hydroxide to each tube, mix by sidewise shaking 
and place in boiling water for 10 minutes. 

11. Cool, make up to 10 ml. with distilled water, stopper the tubes and mix thor- 
oughly, remove the stoppers, cap the tubes and then centrifuge. 

12. Pipet 2 ml. portions of the clear supernatant fluids into 100 ml. volumetric 
flasks and add to each 5 ml. of distilled water, 1 ml. of 50 per cent hydrochloric acid 
and 2 ml. of 0.5 per cent sulfanilamide. 

13. Mix, let stand for 3 minutes and add 1 ml. of 0.1 per cent N-(1-naphthyl) 


ethylenediamine dihydrochloride. 
14. Dilute to the marks with distilled water and read in the colorimeter after 5 


minutes. 
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Calculations. For visual colorimetric measurement: 


reading of standard pa 10 . 100 
reading of unknown : 3 0.5 


= mg. of potassium per 100 ml. of serum. 


If the visual colorimeter is used, set the standard at 20, then 
400 


—_____1_——— = mg. of potassium per 100 ml. of serum. 
reading of unknown 


If the photoelectric colorimeter is used, use color filter No. 52 and set the zero 
with a reagent blank consisting of the contents of the standard flask except that water is 
20 


reading of standard 
< reading of unknown = mg. of potassium per 100 ml. of serum. 


Notes. 1. The factor is constant for the same set of reagents; the color reaction 
follows Beer’s law up to about the equivalent of 30 mg. per cent of potassium. 

2. Blood corpuscles contain about 20 times as much potassium as the serum, so that 
it is essential that the serum used be free from the slightest trace of hemolysis. 

3. The potassium content of normal human serum varies between 16 and 22 mg. 
per cent; increased values have been obtained in pneumonia and other acute infec- 
tions, Addison’s disease, uremia and acute intestinal obstruction; decreased values have 
been found in hyperpituitarism. 


used in place of the standard potassium solution, then (= factor) 


ALKALIMETRIC DETERMINATION OF SODIUM 


Principle. In this method by Weinbach (J. Biol. Chem., 1935, 110:95) the sodium 
is precipitated as the triple salt of uranyl zinc sodium acetate from the deproteinized 
serum solution. The washed and separated precipitate is hydrolyzed and titrated with 
standardized sodium hydroxide using phenolphthalein as an indicator. The reaction 
according to Weinbach is: (VO2)3 Zn Na (CH3COO), + 8 NaOH = 3(VOz2) (OH). + 
Zn (OH): + 9 CH3COO Na. Hence 8 moles of NaOH solution are required for each 
mole of Na. Each ml. of 0.02N NaOH solution is equivalent to (0.02 K 23)/8 = 
0.0575 mg. of Na in the sample. 

Reagents. 1. TRICHLOROACETIC Acip SOLUTION. 20 per cent. 

2. URANYL ZINC ACETATE SOLUTION. (a) To 77 gm. of uranyl acetate add about 
400 ml. of distilled water and 14 ml. of glacial acetic acid. Dissolve with the aid of 
gentle heat while stirring, cool and dilute to 500 ml. in a volumetric flask. (6) To 231 
gm. of zinc acetate add about 400 ml. of water and 7 ml. of glacial acetic acid. Dissolve 
with the aid of gentle heat and stirring, cool and dilute to 500 ml. in a volumetric flask. 
Heat both solutions and mix in a 2 liter Erlenmeyer flask while hot. Allow the mixed 
solutions to stand 24 hours, then filter. Store in the dark. If a film forms on the surface, 
filter a small portion as needed. 

3. ACETONE WASH SOLUTION. Prepare a small amount of the triple salt by adding 
15 ml. of the uranyl zinc acetate reagent to 1 ml. of a 5 per cent solution of sodium 
chloride followed by the addition of 5 ml. of 95 per cent alcohol in small portions. 
Filter with suction and wash the precipitate 4 times with 5 ml. portions of alcohol 
followed by 4 washings with 5 ml. portions of ether, sucking dry after each addition of 
alcohol or ether. Add the precipitate to i liter of acetone, shake, let the covered flask 
stand overnight and remove excess precipitate from the acetone by filtration. 

4, Soptum HyproxinE SoLuTion. N/50. 
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5. SODIUM STANDARD. Dissolve exactly 1.0 gm. of sodium chloride in distilled water 
and dilute to the mark in a 1-liter volumetric flask (1 ml. = 0.393 mg. of sodium and 
is equivalent to 6.84 ml. of N/50 sodium hydroxide). 

Procedure. 1. Ina 25 ml. Erlenmeyer flask mix 1 ml. of serum or plasma with 3 ml. 
of distilled water. Add with shaking 1 ml. of 20 per cent trichloroacetic acid, mix well, 
let stand 10 minutes and filter. 

2. Pipet 0.5 ml. of the clear filtrate into a 15 ml. centrifuge tube and add 5 ml. of 
the uranyl zinc acetate solution. 

3. Add 0.3 ml. of 95 per cent alcohol and let stand for 5 minutes. 

4. Again add 0.3 ml. of alcohol and let stand for a few minutes. 

5. Repeat the addition of alcohol in small portions without greatly disturbing the 
precipitate until 2.1 ml. of alcohol have been added, the entire process of precipitation 
taking about 30 minutes. 

6. Centrifuge, decant the supernatant and drain for a few minutes over a pad of 
filter paper. 

7. Wash the precipitate once by blowing in 10 ml. of the acetone wash solution, 
centrifuge, decant, drain over a pad of filter paper and wipe the mouth of the tube. 

8. Add 5 ml. of distilled water to the precipitate in the centrifuge tube, mix by 
slight shaking and, when dissolved, transfer quantitatively to a 100 ml. Erlenmeyer 
flask, rinsing the centrifuge tube with 3 portions of distilled water. 

9. Add approximately 50 ml. of distilled water and 0.5 ml. of 1 per cent alcoholic 
phenolphthalein solution. 

10. Add N/50 sodium hydroxide from a microburet, graduated at 0.02 ml. inter- 
vals, to a just barely perceptible pink. 

11. Titrate a distilled water blank using the same volume as used in the unknown 
in order to determine the amount of N/50 sodium hydroxide required to give the same 
end point as the unknown. 

Calculation. Subtract the blank titration from that of the unknown. The differ- 
ence X 57.5 = mg. of sodium per 100 ml. 

Notes. 1. As a check on the procedure, determine the sodium in 0.5 ml. of the 
standard sodium solution, treating the solution exactly as the unknown filtrate. 

2. The final volumes in the titrating flasks should be nearly alike since the end 
point is somewhat obscured due to the precipitate which forms during the titration; 
for this reason, the standard solution should be run concurrently with the unknown 
until sufficient practice is attained in determining the end point. 

3. Normal serum or plasma contains 310 to 340 mg. of sodium per 100 ml. Because 
of the relatively large quantity of sodium present, it plays an important part in the 
acid base balance of the blood. Increased values have been found in Cushing’s disease, 
decreased values in Addison’s disease, excessive sweating, and diabetes mellitus with 


acidosis. 


DETERMINATION OF CALCIUM 


Principle. In this method by Clark and Collip (J. Biol. Chem., 1925, 63:461) 
since the calcium of blood occurs entirely in the plasma, serum from clotted blood is 
used for the analysis. The calcium precipitated as oxalate from diluted serum is deter- 
mined by titrating the oxalic acid, liberated from calcium oxalate by sulfuric acid, with 
standard permanganate solution. Heparinized plasma may also be used. Sendroy (J. 
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Biol. Chem., 1924, 152:539) has shown that the preliminary removal of the serum 
protein and the adjustment of the pH of the diluted serum are not necessary. 

Apparatus. 1. Conical centrifuge tubes, 15 ml. Pyrex, having an outside diameter 
of 6 to 7 mm. at the point where it contains 0.1 ml. of solution. 

2. Microburet, graduated in 0.02 ml. intervals with a capacity of 2 or 5 ml. This 
buret is read easily to 0.01 ml. 

Reagents. 1. AMMONIUM OXALATE, 4 PER CENT SoLuTION. Dissolve 4 gm. of 
ammonium oxalate in distilled water and dilute to 100 ml. 

2. SuLFuRIc Actp, APPROXIMATELY N/1. Dilute 28 ml. of concentrated sulfuric 
acid (specific gravity 1.84) to one liter with distilled water. 

3. SopIum OxaLaTE, N/100. To a 100 ml. volumetric flask add exactly 10 ml. of 
accurately standardized N/10 sodium oxalate solution. Dilute carefully to the mark 
with normal sulfuric acid. Mix thoroughly. This solution is stable and may be kept for 
standardizing the N/100 permanganate solution. 

4, Potasstum PERMANGANATE, N/100. Dilute 10 ml. of exactly N/10 potassium 
permanganate solution to 100 ml. with distilled water. As this solution may change in 
strength on standing, it should be titrated each day before it is used. Place 2 ml. of 
N/100 sodium oxalate solution in a centrifuge tube. A blank consisting of 2 ml. of N 
sulfuric acid solution plus 2 ml. of distilled water to give the blank a comparable vol- 
ume at the end point is prepared at the same time. The two tubes are heated in boiling 
water for one minute and are kept between 70° and 75° C. during the titration. The 
appearance of the first shade of pink, that persists throughout the solution for about 
15 seconds after the addition of a single drop, is considered the end point. The blank 
usually requires about 0.02 ml. to give the acid tube a pink color of the same intensity. 
The factor (F) of the N/100 permanganate solution is equal to 2 divided by the dif- 
ference between the number of ml. of permanganate used in the titration of the oxalate 
(T) and the number required in titrating the blank (B): 

ee Z 
cg Tes 

5. AMMONIUM HypROXIDE SOLUTION, 2 PER CENT BY VoLUME. This solution 
should be freshly prepared on the day that it is to be used. Dilute 2 ml. of concentrated 
ammonium hydroxide (specific gravity 0.90) to 100 ml. with distilled water. 

Procedure. 1. Collect about 10 ml. of blood in a dry syringe and transfer to a 15 
ml. test tube; allow to clot and then separate serum by centrifugation. 

2. Pipet 2 ml. of distilled water into a perfectly clean 15 ml. conical centrifuge 
tube, add 2 ml. of serum and 1 ml. of ammonium oxalate solution. Mix thoroughly by 
holding the tube at the mouth and giving it a circular motion by tapping the lower end 
or by inserting a fine glass stirring rod. Withdraw the rod, rinsing it with a few drops 
of distilled water. It is convenient to cover the tube with a rubber cap. It is advisable 
to set up duplicate tubes when sufficient serum is available. 

3. Allow to stand for at least 30 minutes; some analysts prefer up to 16 hours to 
insure complete precipitation. For most sera a shorter interval of time is adequate. 

4. Centrifuge at a high speed (2300-3000 r.p.m.) for 5 to 10 minutes. The precipi- 
tate must be well packed in the bottom of the conical tube. 

5. Carefully decant the supernatant liquid without disturbing the precipitated cal- 
cium oxalate by an inversion of the tube in one quick movement. While the tube is 
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still inverted place it in a rack for 5 minutes to drain with the mouth of the tube rest- 
ing on a piece of filter paper. There should be no evidence of any fine white granules 
creeping along the side of the tube indicating that some of the precipitate might be lost. 

6. Wipe the mouth of the tube dry with a piece of dry filter paper. With a pipet 
wash down the sides of the tube and stir up the precipitate with 3 ml. of the dilute 
ammonium hydroxide solution. Tap the tube if the precipitate has not broken away 
from the bottom. 

7. Centrifuge again for 5 minutes and drain as before. 

8. Add 2 ml. of normal sulfuric acid by blowing from a pipet directly upon the 
precipitate to break up the mat and facilitate its going into solution. A fine stirring rod 
may be used as an aid in dissolving the precipitate. 

9. Prepare a blank, a 15 ml. centrifuge tube containing 2 ml. of the normal sulfuric 
acid solution and 5 ml. of distilled water. 

10. Place the tubes with stirring rods in a boiling water bath for one minute. 
The precipitated oxalate should dissolve completely before proceeding to the titration. 

11. Immediately titrate the tubes at a temperature of 70° to 75° C. with N/100 
potassium permanganate. It is advantageous to hold a centrifuge tube containing a 
similar amount of water by the side of the tube being titrated in order to detect the 
color change which can be observed best by looking down the tube against a white 
background. The end point is the faintest pink color that persists for one minute after 
thorough mixing. 

Calculation. T — ml. of permanganate solution used in titrating the dissolved 
precipitate from 2 ml. of blood serum. 


B =ml. of permanganate used in titrating blank tube. 

F = factor of permanganate solution (see under reagent 4). 

X = mg. of calcium per 100 ml. of blood serum. 

One ml. of N/100 potassium permanganate solution is equivalent to 0.2 mg. of calcium. 
X = (T—B) XF X 0.2 X 100/2 or X = (T— B) X F X 10 


Notes. 1. In adults the normal range of serum calcium is from 9 to 11 mg. per 
100 ml. In infants and children it is slightly higher, 10 to 12 mg. The level of serum 
calcium is influenced by the concentration of serum protein and serum phosphate. 
About 50 per cent of the calcium of serum is freely diffusible and the rest appears to 
be in a loose combination with the serum proteins. There is a decrease in the serum 
calcium in parathyroid and infantile tetany, malnutrition, nephrosis, celiac disease, 
acute rickets, pneumonia, osteomalacia, diarrhea, and after parathyroidectomy. High 
values are present in hyperparathyroidism, after administration of large amounts of 
vitamin D or parahormone, ingestion of A. T. 10, multiple myeloma, osteitis fibrosa 
and in extensive emphysema. Normal values are present in Paget’s disease and in osteo- 
genesis imperfecta. In kidney diseases the calcium level may be low or elevated. 

2. The centrifuge tubes used in this determination must be perfectly clean or they 
will not drain properly when inverted. It is the practice in most laboratories to keep 
these tubes in a dichromate-sulfuric acid mixture when not in use. It is very important 
that all the dichromate be removed by the generous use of water before using the tubes. 
Do not forget to rinse finally with distilled water. 

3. The accuracy of this method depends upon balancing errors (incomplete pre- 
cipitation or loss of precipitate balanced by incomplete washing out of all ammonium 
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oxalate). Some analysts prefer to wash the precipitate two or more times with the dilute 
ammonia. Modifications of the original procedure should be thoroughly tested before 
they are used in routine clinical tests. Other wash solutions have been proposed such 
as the use of 2 per cent ammonia in equal parts of alcohol, ether, and water to prevent 
flotation of precipitate (Wang. J. Biol. Chem., 1935, 111:443) or the use of saturated 
aqueous solution of calcium oxalate to prevent loss through the solubility of the precipi- 
tate (Stanford and Wheatley. Biochem. J., 1925, 19:710). 

4. In titrating the standard sodium oxalate solution or the unknown, the first drop 
or two of permanganate solution is sluw in reacting but after this portion is reduced 
the following drops are rapidly reduced if the solution is kept at the temperature of 
60° to 75° C. Do not allow excess of permanganate to accumulate at the surface of the 
solution. A little time is required to start the reaction and oxygen will be lost if large 
amounts of permanganic acid are present. The second drop should not be added until 
the pink given by the first drop disappears. The centrifuge tube may be conveniently 
held in a water bath with a test tube holder during the titration and may be stirred 
by giving it a gentle motion after each drop of permanganate is added. 


DETERMINATION OF MAGNESIUM 


Principle. After removing the calcium in serum as oxalate, the magnesium is pre- 
cipitated as magnesium ammonium phosphate and the phosphorus is determined by the 
Fiske and Subbarow method (J. Biol. Chem., 1925, 66:375; and Denis. J. Biol. Chem., 
1922, 52:411). 

Reagents. 1. AMMONIUM PHOSPHATE SOLUTION. Five per cent solution of mono- 
ammonium dihydrogen phosphate containing 5 ml. of concentrated ammonium hy- 
droxide per liter. 

2. AMMONIUM HybDROXIDE, CONCENTRATED. (28 to 29 per cent, specific gravity 
0.9). 

3. DituTE AMMONIUM HypRoxIDE SouuTION. (1:2) Mix one part of concentrated 
ammonium hydroxide with two parts of distilled water. 

4. 75 PER CENT ALCOHOL. To contain 10 ml. of concentrated ammonium hydroxide 
per liter. Add 1 ml. of concentrated ammonium hydroxide to 79 ml. of 95 per cent ethyl 
alcohol and dilute to a final volume of 100 ml. with distilled water. 

5. STANDARD PHOSPHATE SOLUTION. Dissolve 0.560 gm. of pure dry potassium 
dihydrogen phosphate in distilled water. Transfer quantitatively to a one liter volu- 
metric flask, dilute to mark with distilled water and mix thoroughly. Add a few drops 
of chloroform to prevent the growth of molds. 

6. DiILuTE STANDARD PHOSPHATE SOLUTION. Dilute 10 ml. of the standard phos- 
phate solution to 100 ml. with distilled water and mix. One ml. of this solution = 0.01 
mg. of magnesium. 

7. AMMONIUM OXALATE SOLUTION, 4 PER CENT. Dissolve 4 gm. of reagent grade 
in distilled water and dilute to 100 ml. 

8. Reagents used in the determination of phosphorus (page 1007). 

Procedure. 1. The calcium is precipitated from 2 ml. of serum as outlined in the 
determination of calcium (page 1018). 

2. After centrifuging, pipet exactly 3 ml. of the supernatant fluid into a 15 ml. 
graduated centrifuge tube. Add with stirring 0.5 ml. of the ammonium phosphate solu- 
tion and then 2 drops of concentrated ammonium hydroxide. Let stand overnight. 
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3. Centrifuge in the morning. Siphon off the clear supernatant fluid and wash the 
tube with 5 ml. of the dilute ammonium hydroxide solution. 

4. Centrifuge and siphon off the wash liquid. Repeat this washing two more times. 

5. Finally wash with 5 ml. of the alcohol solution (75 per cent containing am- 
monium hydroxide) and siphon off again. 

6. Let the tube stand in a warm place until the ammonia has evaporated. 

7. To the precipitate in the centrifuge tube add one ml. of molybdate No. 1 re- 
agent (page 1007) and tap to dissolve the precipitate. When solution is complete add 
5 ml. of distilled water and mix. 

8. Prepare a standard by adding 1 ml. of the molybdate No. 1 reagent to a 15 ml. 
graduated centrifuge tube. Add 3 ml. of the standard phosphate solution (3 ml. = 0.03 
mg. of magnesium) and 2 ml. of distilled water. 

9. If a photoelectric colorimeter is used, prepare a blank by placing 1 ml. of the 
molybdate No. 1 reagent and 5 ml. of distilled water in a similar centrifuge tube. 

10. To each of the tubes add 0.4 ml. of the aminonaphtholsulfonic acid reagent, 
followed immediately by distilled water to the 10 ml. mark on the graduated tube. 
Mix and let the tubes stand for 5 minutes before reading in the colorimeter. 

Calculation. The 3 ml. of supernatant used in the determination corresponds to 
1.2 ml. of the original serum. For the colorimetric measurement: 


ae x 0.03 X nL S eee mg. of magnesium per 100 ml. of serum 
reading of unknown ; eae es g P : 


For the photoelectric colorimeter a filter with transmittance at 660 mu is used: 


density of unknown 100 ; 
SS = Se l. of ; 
Restiy oterandard xX 0.03 X 12 mg. of magnesium per 100 ml. of serum 


Notes. 1. The magnesium concentration of normal serum varies between 1.5 to 2.9 
mg. per 100 ml. No changes have been characteristic for diagnostic purposes, although 
moderate increases have been reported in cases of renal insufficiency. The concentration 
of magnesium in serum is not influenced by factors that alter the calcium concentra- 
tion. 

2. For concentrations of magnesium over 5 mg. per cent, it is best in the photo- 
metric determination to dilute the color solution to 20 ml. instead of 10 ml., doubling 
the amounts of molybdate No. 1 reagent and aminonaphtholsulfonic acid reagent used. 


DETERMINATION OF IRON IN SERUM 


Principle. In this method by Walker (J. Lab. & Clin. Med., 1938-1939, 24:308) 
the serum is digested with sulfuric acid and hydrogen peroxide and the clear solution 
is treated with potassium persulfate and potassium thiocyanate. The color developed 
is compared against a standard iron solution treated with the same reagents. 

Reagents. 1. CONCENTRATED SULFURIC ACID, IRON-FREE. 

2. HyprocEN PEROXIDE, 30 PER CENT. 

3. Potasstum THIOCYANATE. Approximately a 3 N solution as used in the Wong 
method for iron in whole blood (page 1001). 

4. Porasstum PERSULFATE. Saturated solution as used in Wong method. 

5. IRON STANDARD SOLUTION. Same as standard used in Wong method. One ml. of 


standard solution contains 0.1 mg. of iron. 
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Procedure. 1. Two ml. of a sample of unhemolyzed serum is digested in a Pyrex 
test tube graduated at 20 ml. with 1.5 ml. of concentrated sulfuric acid. A glass bead 
is adequate for preventing bumping. The digest may be carried out slowly on a sand 
bath or rapidly by the direct flame of a micro burner. When the mixture is well charred 
the tube is allowed to cool. 

2. The hydrogen peroxide is added in 0.5 ml. amounts, repeating the additions and 
heating as often as necessary to produce a solution which remains clear and colorless. 
Usually three additions are required. 

3. A control tube containing 1.5 ml. of concentrated sulfuric acid should be carried 
along with the other tube and should receive the same amount of hydrogen peroxide. 

4. When the contents of the tubes are clear and cooled to room temperature the 
volume is made up to 20 ml. with distilled water. 

5. To a similar tube, pipet exactly 0.5 ml. of the iron standard solution, 1.5 ml. of 
concentrated acid, and dilute to 20 ml. with distilled water. 

6. To each of the tubes add 1 ml. of the saturated potassium persulfate and mix 
thoroughly; add to each tube 4 ml. of the potassium thiocyanate solution and mix. 

7. The color solutions are compared in a visual colorimeter. 


Calculation: 
reading of standard 0 N 
pas ange irs 0.05 X —— = mg. of serum iron per 100 ml. of serum. 
reading of unknown 2 


For the photoelectric colorimeter, use filter No. 54 and set the zero of the instru- 
ment with a tube of distilled water. Subtract the blank reading from both the standards 
and the unknown: 


285 
corrected reading of standard 
of serum. 


< corrected reading of unknown = mg. of iron per 100 ml. 


A calibration curve can be made in the following manner: transfer the following 
amounts of standard iron solution to digestion tubes: 0, 0.1, 0.2, 0.3, 0.5, 1.0, 1.5, 2.0, 
3.0 ml. To each tube add 1.5 ml. of concentrated sulfuric acid and dilute to 20 ml. 
with distilled water. Add 1 ml. of saturated potasium persulfate solution and 4 ml. of 
the potassium thiocyanate solution to each tube. Stopper, mix and read each tube in 
the photoelectric colorimeter. The curve can be constructed from this data, plotting 
readings of photometer against 0, 0.05, 0.1, 0.15, 0.25, 0.50, 0.75, 1.00, and 1.5 mg. 
of iron per 100 ml. The unknown solution reading can be read off this curve. 

Notes. The concentration of iron in normal serum by this procedure varies from 
0.04 to 0.23 mg. per 100 ml. with an average of 0.13 mg. The serum iron is moderately 
increased in pernicious anemia and returns to normal with adequate treatment. It may 
also be elevated in aplastic and hemolytic anemia. It is low in hypochromic anemia 
but not necessarily below the normal range. 


DETERMINATION OF COPPER 


Principle. This method by Cartwright, Jones and Wintrobe (J. Biol. Chem., 1945, 
160:593) is based on a triple warm extraction of a trichloroacetic acid precipitate of 
serum, followed by colorimetric determination with sodium diethyldithiccarbamate 
using a photoelectric colorimeter. 
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Reagents. 1. Distir1ep Water, Copprr-rree. All distilled water used in this 
method should be obtained in an all-glass still. 

2. TRICHLOROACETIC Actin. 20 per cent in redistilled water. If the trichloroacetic 
acid contains copper, it should be distilled in an all-glass apparatus. 

3. SopIuM PyRopHOsPHATE. Saturated solution in redistilled water. 

4, CONCENTRATED AMMONIUM Hyproxipr. Reagent grade, 28 per cent. Distill this 
reagent through an all-glass apparatus into redistilled water until solution is saturated. 

5. Soprum DIETHYLDITHIOCARBAMATE (EASTMAN). 0.1 per cent solution made up 
with redistilled water. 

6. STANDARD Copper SotuTIoNn. Dissolve 0.3928 gm. of copper sulfate (weighed on 
an analytical balance) in redistilled water. Transfer quantitatively to a one liter volu- 
metric flask, dilute to mark with the redistilled water and mix thoroughly. Use oniy 
clear blue crystals of copper sulfate that show no signs of efflorescence in making up 
this standard solution. One ml. of this solution contains 100 micrograms of copper. 

Procedure. All glassware used in this determination should be carefully cleaned 
and rinsed three times with redistilled copper-free water. 

1. Pipet 5 ml. of serum or plasma into an ungraduated 15 ml. Pyrex centrifuge 
tube. If a number of samples are run it is convenient to set up that number of tubes 
which can be centrifuged simultaneously. 

2. Add 1 ml. of redistilled water to each tube, mix with glass rods and place the 
tubes in boiling water. 

3. When the solutions become opaque, remove the tubes and cool. 

4. Add 2 ml. of 20 per cent trichloroacetic acid, stir, and heat in the water at 
90°-95° C. for 5 minutes. Stir frequently while heating. 

5. Cool, remove the rods and centrifuge the tubes at 3000 r.p.m. for 10 minutes. 

6. Decant the supernatant solutions into 15 ml. graduated centrifuge tubes. 

7. To the original tubes add 1 ml. of trichloroacetic acid solution and 1 ml. of re- 
distilled water, break up precipitates well with glass rods and, while stirring, heat again 
in the water bath at 90°-95° C. for 5 minutes. 

8. Remove, cool and centrifuge. 

9. Decant the supernatant fluid into the tubes containing the first filtrate. 

10. Again add 1 ml. of trichloroacetic acid solution and 1 ml. of redistilled water 
to the precipitates, treat, centrifuge and decant. 

11. To the graduated tubes containing the 3 filtrates, add 1 ml. of the saturated 
sodium pyrophosphate solution, 2 ml. of ammonium hydroxide, and 1 ml. of the sodium 
diethyldithiocarbamate solution. Make the volume up to 15 ml. with redistilled water. 
Mix the solutions well by pouring back and forth between the centrifuge tube and the 
colorimeter tube. Read as soon as possible in the photoelectric colorimeter, using a 
filter that has maximum transmittance at 440 mu and a reagent blank to set the instru- 
ment to zero. 

12. A working standard solution is made by diluting 2 ml. of the standard copper 
solution to 100 ml. with redistilled copper-free water. One ml. of this solution contains 
2 micrograms of copper. In each of nine 15 mil. graduated centrifuge tubes add in this 
order the following amounts of the above working solution: 0, 1, 2, 3, 4, Sr One ole 
corresponding to 0, 2, 4, 6, 8, 10, 12, 14 and 16 micrograms of copper. To each tube 
add redistilled water to bring the volume to about 10 ml. To each tube add 1 ml. of 
saturated sodium pyrophosphate solution, 2 ml. of ammonium hydroxide, and 1 ml. of 
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sodium diethyldithiocarbamate solution. Bring each tube to a final volume of 15 ml. 
with redistilled water. Mix in the same manner as the unknowns and read immediately 
in colorimeter. Construct graph using density values as ordinate and micrograms as 
abscissa. This relationship should be linear and a factor under these conditions can be 
calculated. 
Calculation: 
100 


Density of unknown X Fal wotasccumbuced 


x factor = micrograms of copper per 100 
ml. of serum. 
micrograms of copper in standard 


Ractor == density of standard 


Notes. The concentration of copper in normal serum by this method varies between 
80 and 160 micrograms per 100 ml. of serum. Copper appears to be fairly equally 
distributed between cells and plasma. There is no significant difference in the level of 
copper between the sexes. 


DETERMINATION OF THE ICTERUS INDEX 


Principle. This method is based upon a physical measurement of the yellow color 
of blood serum by colorimetric comparison with a standard 1:10,000 potassium dichro- 
mate solution, which arbitrarily represents unity in color density. 

Standard Solution. Dissolve 1.0 gm. of potassium dichromate in 90 ml. of distilled 
water. Add 0.1 ml. of concentrated sulfuric acid and dilute to 100 ml. in a volumetric 
flask with distilled water. 

For use dilute 10 ml. to 1000 ml. with distilled water, making a 1:10,000 solution 
of potassium dichromate. The yellow color density of this solution represents one icterus 
index unit. 

Procedure. 1. With a dry needle and syringe draw about 5 ml. of blood from a 
vein; place the blood in a plain tube, allow clot to form, centrifuge, and remove the 
serum. It is essential that the serum be free of the slightest visible hemolysis and chyle 
(blood should be taken after period of fasting). 

2. Dilute 1 ml. of serum with a measured amount of physiologic saline solution or 
5 per cent sodium citrate solution until its color approximates that of the standard. 

3. Compare the serum in the Duboscq colorimeter with the icterus index standard 
solution set usually at 15 mm. When intense jaundice is present, the standard may be 
set at 30 mm. 

4. The computation is as follows: 


reading of standard 
reading of serum 


xX dilution = units of icterus index. 


5. As comparison is sometimes difficult in a colorimeter because of variations in 
shades and degrees of opalescence, the following standards may be employed: 

Dissolve 1.0 gm. potassium dichromate in distilled water, add 2 drops concentrated 
sulfuric acid, and dilute to 100 ml. in a volumetric flask. Into 11 dry, clean, ordinary 
test tubes pipet 10, 5, 3, 2, 1.5, 1.2, 1, 0.7, 0.5, 0.3 and 0.1 ml. of the dichromate 
solution, and with a 10 ml. Mohr pipet dilute the last 10 tubes to 10 ml. with distilled 
water and mix. Clean 1! small test tubes (10 by 100 mm.) with cleaning solution, wash 
and dry. Fill about 7 full with the dichromate solution. Label the tubes respectively 
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100, 50, 30, 20, 15, 12, 10, 7, 5, 3, 1. These may be tightly stoppered or preferably 
closed by sealing the glass. These labeled numbers correspond to icterus index units. 

6. The procedure can be easily adapted to the photoelectric colorimeter. Dilution 
with 5 per cent sodium citrate gives clearer solutions. Dilute 1 ml. of serum to 10 ml. 
witn the sodium citrate and read in the colorimeter with a filter giving maximum 
transmission at 420 mu, setting the zero of the instrument with the citrate solution. 
Read the dichromate at the same wave length using water as the blank. Since the 
dichromate has an icterus index of 10: 


density of unknown 


density, of standard Ot slanenl xX 10 = icterus index. 


Notes. 1. The normal icterus index varies from 4 to 6 units. 

2. Icterus, or jaundice, is seldom visible in the skin or sclera of a patient until the 
index rises to about 15 units. The level at which the skin changes color is largely 
dependent on the amount of diffusible bilirubin present, while the nondiffusible form 
has little effect on the skin. 

3. Traces of hemoglobin make it difficult or impossible to obtain a match with the 
standards. Lipemia also interferes; consequently the patient should be in a fasting 
condition when the test is made. Occasionally carotinemia contributes to the amount 
of yellow color in the serum. 


DETERMINATION OF BILIRUBIN (DIRECT VAN DEN BERGH 
REACTION] 


Principle. This method is based upon the observation that bilirubinate reacts 
with the diazonium bodies of Ehrlich’s diazo reagent in an aqueous medium without 
alcohol to form a reddish dye, azobilirubin. 

Ehrlich’s Diazo Reagent. This is freshly prepared by mixing the A and B solu- 
tions in the proportion of 5 ml. of A with 0.15 ml. of B. 


SoLuTION A 
Sulphanilic acid ...... gids irerssel ere area 1 gm. 
Hydrochloric acid, C.P. concentrated: Ben ods ae Tarelausrereusienete 15 ml. 
PO ete miavatee: WO ro. te eater tat fon moa, hate tale eresale’ siete ot mf OOU mls 
SoLuTion B 
SOIR ANIE DLC Wry ree even coe: Ibis Sais pew) See og Rlave 0.5 gm. 
DESHI EC ENV ALC Late) sate ee eran irs Ta troeites, create ole oxo oxeie 100.0 ml. 


Solution A will keep indefinitely. Solution B should be freshly prepared every week. 
Keep away from light and discard when the solution turns yellow. 

Procedure. 1. Place 1 ml. of serum in a graduated centrifuge tube. 

2. Slant the tube to an almost horizontal plane and allow 0.5 ml. of Ehrlich’s diazo 
reagent to run down the wall of the tube from a pipet so that it will be overlaid on the 
serum. 

3. The contact zone between the serum and the reagent is examined against a good 
background (sky or glazed glass window) for the development of a reddish ring, 
which, however faint, is indicative of the positive reaction. 

4, If, in very weak reactions, the presence of a ring is pe By it will become 


well defined in 1 or 2 minutes if the reaction is positive. 
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5. If the reddish ring is demonstrable within 2 minutes the reaction should be 
recorded as positive. If not demonstrable within 2 minutes but apparent within 10 
minutes, the reaction should be recorded as “positive in minutes.” 

Nore. The direct van den Bergh reaction is normally negative. The use of this 
technic practically eliminates the former “delayed” reaction. Most positive reactions 
develop within 1 minute. The reaction is negative if no change occurs within 10 
minutes. 


DETERMINATION OF BILIRUBIN (INDIRECT VAN DEN BERGH 
. REACTION] 


Principle. In this method the colored azobilirubin is compared with an artificial 
color standard corresponding to a definite amount of bilirubin. 

Standard Bilirubin Solution. Dissolve 2.16 gm. of anhydrous cobalt sulfate in 
distilled water and dilute to 100 ml. or dissolve 3.92 gm. of hydrated cobaltous sulfate 
crystals in water, add 0.5 ml. sulfuric acid, C.P., and dilute to 100 ml. Either of these 
standards will keep indefinitely in the dark, and each is the equivalent of 0.5 mg. of 
bilirubin per 100 ml., in the form of azobilirubin. 

Procedure. 1. After the determination of the direct van den Bergh reaction, shake 
the tube containing the serum and diazo reagent and add about 3 ml. of 95 per cent 
alcohol (containing a trace of ether). 

2. If a definite pinkish color fails to appear within 2 or 3 minutes, and only a 
white turbidity occurs, the reaction may be recorded as negative. 

3. If a very definite pink or ruby color develops, add 1 ml. of saturated ammonium 
sulfate solution, shake gently, cap the tube, and centrifuge for 5 to 10 minutes. 

4. On removal of the tube from the centrifuge, 3 layers will be seen: a bottom 
layer of clear colorless ammonium sulfate, a middle layer of compact precipitated 
serum proteins, and an upper layer of pink or ruby red alcoholic solution of azobili- 
rubin. Determine from the graduations on the centrifuge tube the volume in milliliters 
of the upper coiored layer, and calculate the dilution factor as follows: 


volume of upper layer 
volume of serum originally used 


= dilution factor 


5. In the Duboscq colorimeter compare a portion of the upper layer (pipet or pour 
off into colorimeter cup) with the bilirubin standard solution. For weak reactions the 
standard may be set at 20 mm., for strong reactions, at 5 or 10 mm. The calculation 
is as follows: 


reading of standard _ dilution factor milligrams of bilirubin 


reading of unknown 2 per 100 ml. of serum 


Notes. 1. Normaliy the indirect van den Bergh reaction shows 0.1 to 0.25 mg. 
bilirubin per 100 ml. serum. 

2. When bilirubinate has been shown to be present, the middle layer of proteins 
will often be faintly pink in color, indicating a loss of pigment from the upper layer. 
This loss is not clinically relevant, but if one wishes to avoid it, van den Bergh has 
recommended that the serum first be diluted with distilled water before the addition of 
the diazo reagent, in order to break up the adsorption of bilirubinate by serum proteins. 
This modification of the technic will increase materially the yield of bilirubin in some 
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sera, but will not do so in any serum unless the direct van den Bergh reaction has been 
found to be positive. 


DETERMINATION OF BILIRUBIN (PHOTOELECTRIC) 


Principle. In this method by Malloy and Evelyn (J. Biol. Chem., 1937, 119:481) 
for bilirubin in serum or plasma, diazotized sulfanilic acid is coupled with bilirubin 
in methyl alcohol to produce a pink dye, the color of which is measured in the photo- 
electric colorimeter using green filter No. 54. 

Reagents. 1. MetHyt ALcoHoL, ABsoLute, C.P. 

2. Dtazo BLANK Sotution. Dilute 15 ml. of concentrated hydrochloric acid to 1 
liter with distilled water. 

3. SotuTiIon A. Place 1.0 gm. of sulfanilic acid in a 1 liter volumetric flask; add 
15 ml. of concentrated hydrochloric acid and dilute to the mark with distilled water. 
This solution keeps indefinitely. 

4. SoLUTION B. 0.5 per cent solution of sodium nitrite. Prepare fresh daily. 

5. D1azo REAGENT. Shortly before use, add 3 ml. of solution B to 100 ml. of solu- 
tion A and mix. 

6. STANDARD Stock BILIRUBIN SOLUTION. Place 40 mg. of pure bilirubin in a 
100 ml. volumetric flask, add pure dry chloroform to dissolve and dilute to the mark 
with chloroform (1 ml. = 0.4 mg). Store in the refrigerator in a brown bottle with a 
well fitted stopper. The solution keeps indefinitely. 

7. D1LuTE STANDARD BILIRUBIN SOLUTION. Transfer 1 ml. of the stock solution to 
a 100 ml. volumetric flask and dilute to the mark with methyl alcohol (5 ml. = 0.02 
mg.). 

Procedure. 1. Dilute 1 m!. of serum or plasma to 10 ml. with distilled water. 

2. Add to 3 colorimeter tubes marked B (blank), U (unknown) and §S (standard) 
the following: tube B, 5.0 ml. of methyl alcohol and 1.0 ml. of the diazo blank solution. 

Tube U, 5.0 ml. of absolute methyl alcohol and 1.0 ml. of the diazo reagent. 
Tube S, 5.0 ml. of the diluted bilirubin standard solution and 1.0 ml. of the 
diazo reagent. 

3. To tubes B and U, add 4 ml. portions of the diluted serum or plasma, and 4 ml. 
of distilled water to tube S. 

4. Mix by gentle inversion, treating all tubes uniformly, allow to stand 30 minutes 
and read in the colorimeter against a distilled water zero. 

Calculation. Subtract the reading of the blank from the reading of the unknown 

5.0 
* reading of standard 
rubin in mg. per 100 ml. 

Notes. 1. The factor is constant and reproducible. Once determined in duplicate 
or triplicate, the standard need not be run simultaneously with each unknown. 

2. Earlier conceptions of “free” and “combined” bilirubin are probably incorrect; 
apparently all bilirubin is bound to albumin. 

3. Methyl alcohol releases all the bound bilirubin and also appears to catalyze 
the reaction with the diazo reagent. 

4, In this method normal bilirubin values range between 0.2 to 0.4 mg. per 100 ml., 
although some blood samples are encountered which show practically none, 


(= factor) X corrected reading of unknown = bili- 


only. Then 
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DETERMINATION OF CHOLESTEROL 


Principle. In this method for total cholesterol and cholesterol esters in serum or 
plasma, modified after that of Bloor, Pelham and Allen (J. Biol. Chem., 1922, 52:191), 
the cholesterol is extracted by an alcohol-ether mixture and the cholesterol determined 
colorimetrically in the filtrate before and after precipitation by digitonin. 

Reagents. 1. CHLoRororM, U.S.P. If the method is not giving good results it may 
be due to this reagent. Chloroform is washed first with a dilute sodium carbonate solu- 
tion, then with distilled water, and is then dried with anhydrous sodium sulfate or 
anhydrous sodium carbonate. It is distilled through a fractionating column, the first 
part, containing water and perhaps also phosgene, being discarded. The pure solvent 
distills at 61° C. Immediately after distillation, one per cent by weight of absolute 
alcohol is added to delay decomposition. 

2. ACETIC ANHYDRIDE-SULFURIC AcID MrxtureE. In a dry, glass-stoppered cylin- 
der mix 20 ml. of acetic anhydride with 2 ml. of concentrated sulfuric acid. Chill in the 
refrigerator. This mixture should be used within 1 hour of its preparation and handled 
carefully. 

3. ALcoHoL-EtHER. Mix 75 ml. of 95 per cent alcohol with 25 ml. of ether. 

4. DicITONIN SoLuTION. 0.5 per cent solution in 95 per cent alcohol (keeps sev- 
eral weeks). 

5. PETROLEUM ETHER, B.P. 35 to 60° C. 

6. CHOLESTEROL STOCK STANDARD. Dissolve exactly 160 mg. of cholesterol in about 
50 ml. of chloroform. Transfer to a 100 ml. volumetric flask and dilute to the mark 
with chloroform (10 ml. = 16.0 mg.). 

7. CHOLESTEROL WORKING STANDARD. Five ml. of stock standard is diluted to 100 
ml. with chloroform (10 ml. = 0.8 mg.). Both standards keep well if evaporation is 
prevented by using well fitting ground glass-stoppered flasks and storing at a low 
temperature. 

Procedure. PREPARATION OF ExTRACT. Place about 20 ml. of alcohol-ether mixture 
in a 25 ml. glass-stoppered volumetric flask. Add, slowly and with rotation of the 
flask, exactly 1 ml. of ‘serum or plasma. The resulting precipitate should be finely 
divided and free of clumps. Immerse the flask in hot water (avoid open flame) until 
the contents just come to a boil. Cool to room temperature under running tap water 
and dilute to the mark with the alcohol-ether mixture. Stopper the flask, shake vigor- 
ously and filter through a fluted filter paper (fat free, Whatman #40), covering the 
funnel with a watch glass to retard evaporation. 

ToTAL CHOLESTEROL. 1. Pipet 10 ml. of filtrate into a 50 ml. beaker and evaporate 
just to dryness on a hot water bath (do not use an open flame). 

2. Add 3 ml. of chioroform, stir with a fine glass rod, bring to boiling momentarily, 
allow the sediment to settle and carefully decant the clear liquid into a dry 10 ml. 
cylinder. 

3. Repeat the chloroform extraction twice more with 3 ml. portions, adding the 
clear extracts to the same cylinder. 

4, Allow to cool to room temperature and make up to 10 ml. with chloroform. 

5. Place 10 ml. of cholesterol working standard in another 10 ml. cylinder. 

6. Add to each cylinder, 2 ml. of the acetic anhydride-sulfuric acid mixture. 
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7. Stopper both cylinders, mix by side to side shaking, and place in a 30° C. water 
bath for 15 minutes. 

8. Cool to room temperature for 5 minutes and compare in a colorimeter. 

9. If the standard is set at 20 then 4000 +- reading of unknown — total cholesterol 
in mg. per cent of original sample. 

Or, if the unknown is set at 20, then 10 & reading of standard gives the same 
result. 

CHOLESTEROL Esters. 1. Pipet 10 ml. of the alcohol-ether filtrate into a 50 ml. 
beaker, add 1 ml. of digitonin solution, mix by rotation, and evaporate to dryness on 
a hot water bath (do not use an open flame). 

2. Bake on water bath for 1 to 2 minutes. 

3. Add about 10 ml. of petroleum ether. Immerse the beaker in hot water long 
enough for the contents to come to a momentary boil and decant the clear liquid into 
another 50 ml. beaker. 

4. Repeat the extraction 3 more times. 

5. Evaporate the combined petroleum ether extracts on the hot water bath (avoid 
open flame). 

6. Extract the residue 3 times with 3 ml. portions of chloroform as for total 
cholesterol. 

7. Develop and compare the colors in this chloroform extract and standard exactly 
as for total cholesterol. 

8. The calculation is the same as for total cholesterol. 

mg. ester cholesterol 
mg. total cholesterol 


x 100 = per cent cholesterol ester. 


PHOTOELECTRIC EXAMINATION. Use filter No. 66. Determine the color values after 
setting the zero with a blank containing 5 ml. of chloroform plus 1 ml. of acetic anhy- 
dride sulfuric acid mixture. 

200 
reading of standard 
of ester cholesterol in mg. per cent of original sample. 

Notes. 1. Normal total cholesterol is 150 to 250 mg. per 100 ml. of serum. Normal 
ester cholesterol is 60 to 75 per cent of total cholesterol. 

2. Old and deteriorated material will lead to poor colors. Also all beakers and pipets 
must be perfectly dry. 

3. Cholesterol is partly endogenous and partly exogenous; the latter is particularly 
derived from eggs, butter, meats and some vegetables. 

4. Cholesterol has been found increased in diabetes mellitus with lipemia, in nephri- 
tis, complete obstruction of the common bile duct, and in some cases of cholelithiasis 
and arteriosclerosis. Decreased concentrations have been observed in pernicious anemia, 
cachexia of malignancy and in some cases of high fever. Very high values (up to 1800 
mg. for 100 ml.) are frequent in the plasma in lipoid nephrosis; the ratio of free to 
esterified cholesterol is unaffected. The basis for this increase is unknown. 


(= factor) reading of unknown = total 


The calculation is 


DETERMINATION OF PLASMA AND SERUM PROTEINS 


The standard method for the determination of serum or plasma proteins is a 
Kjeldahl digestion of the sample converting the nitrogen to ammonia. This ammonia 
can be determined by distillation into a measured excess of standardized acid and the 
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excess titrated with standard alkali, by nesslerization, or gastrometrically by the hypo-~ 
bromite procedure in the manometric blood gas apparatus. The difference between the 
total nitrogen and the nonprotein nitrogen determination of the sample is the protein 
nitrogen. The protein is calculated as follows: grams of protein nitrogen X 6.25 = 
grams of protein. This method serves for the standardization of other colorimetric and 
physical methods. Every laboratory should be equipped for conducting reliable micro- 
Kjeldahl determinations, even though simpler methods are employed in the daily 
routine. For details in conducting these determinations by either titrimetric or gaso- 
metric procedures the analyst is referred to the work of Hiller, Plazin and Van Slyke 
(J. Biol. Chem., 1948, 176:1401). ° 

At the present time fractionation of serum proteins has been accomplished by salt 
precipitation, sodium sulfate being used more frequently than ammonium sulfate be- 
cause, with the addition of a sodium salt, the micro-Kjeldahl determination of nitrogen 
can be used directly on the filtrates. Adequate procedures for the fractionation of the 
serum proteins into albumin, soluble in 22 per cent sodium sulfate solution and globulin 
precipitated or salted out at this salt concentration, are to be found in the literature. 
By varying the salt concentration other fractions are obtained. Euglobulin is precipi- 
tated in 13.5 per cent Nay,SO, and euglobulin plus pseudoglobulin I in 17.4 per cent 
Na»SO4. By the salting out procedure, normal serum globulin consists of three frac- 
tions, namely, euglobulin, pseudoglobulin I and pseudoglobulin II. It has been observed 
that fractionation by a single precipitation does not produce a pure chemical entity; 
however, variations in these crude fractions have been observed in the sera of patients 
with various pathologic conditions and such procedures have proved to be of value to 
the clinician. 

With the introduction of the electrophoretic method, where the plasma proteins are 
caused to migrate in an electrical field and a refractometric analysis is made photo- 
graphically of the stratification of the individual protein components, normal human 
plasma consists of these proteins: albumin, a, 6, and y, globulin and fibrinogen. These 
fractions do not correlate well with the fractions obtained by the sodium sulfate 
method. In the filtrate containing the albumin fraction there is a considerable amount 
of a, and £ globulin. Therefore, the concentration of albumin, as determined by precipi- 
tating the globulin with 22 per cent NasSOuq, is greater than the concentration found 
by the electrophoretic method. Since the latter method is not practical for routine use 
at the present time, salting out methods may still be employed. Practically all the values 
reported for albumin and globulin in the literature are based on precipitation by 22 per 
cent sodium sulfate. Pillemer and Hutchinson (J. Biol. Chem., 1945, 158:299) have 
found that precipitation with 42.5 per cent methanol at 0° C. at pH 6.7 to 6.9 produced 
a fraction that agreed in purity with that obtained by the electrophoretic method. 


MICRO-KJELDAHL DETERMINATION OF TOTAL PROTEIN 


Principle. From the ammonium nitrogen obtained by wet digestion of the serum, 
followed by nesslerization, is subtracted the nonprotein nitrogen of the same serum 
and the result multiplied by a factor to give total protein. 

Reagents. Same as for nonprotein nitrogen in blood. 

STANDARD AMMONIUM SULFATE, Same as for nonprotein nitrogen in blood. 

Procedure. 1. One ml. of serum is diluted to the mark in a 50 ml. volumetric flask 
with physiologic saline solution. 
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2. One ml. of this mixture is pipetted into a Folin digestion tube and the acid 
digestion with subsequent nesslerization carried out exactly as for nonprotein nitrogen 
in blood. 

3. If the unknown is set at 15, then 50 X reading of standard = mg. per cent of 
total nitrogen. 

4. Carry out a nonprotein nitrogen determination on a separate portion of the 
serum as described on page 977. 


Calculation. (total nitrogen — nonprotein nitrogen) 1000 


= per cent total 


serum proteins. 


MICRO-KJELDAHL DETERMINATION OF ALBUMIN AND GLOBULIN 


Principle. The globulin is precipitated from the serum and the albumin determined 
in the filtrate. The globulin is determined by difference. 

Reagents. 1. NessLEr’s SoLUTION. (page 967). 

2. STANDARD AMMONIUM SULFATE. (page 977). 

3. SODIUM SULFATE 23 PER CENT. Dissolve 23 gm. of the anhydrous salt in dis- 
tilled water by warming to about 50° C. Cool to 38° C. and make up to 100 ml. Keep 
in incubator to prevent crystallization. 

4. Eruer, U.S.P. 

Procedure. 1. Determine the total protein of the serum by the micro-Kjeldahl 
method as described previously. 

2. Place 7.5 ml. of the 23 per cent sodium sulfate solution in a 20 ml. test tube. 
Add 0.5 ml. of the serum and mix thoroughly. Add about 3 ml. of ether, stopper and 
shake vigorously for a few seconds. Carefully remove the stopper, cap the test tube 
and centrifuge for 10 minutes. By this means the globulin is collected cleanly in the 
ether layer above the albumin solution. 

3. Pass a thin 1 ml. pipet between the ether layer and the wall of the test tube 
so that the tip enters the albumin solution. Withdraw 1 ml. of the albumin solution, 
wipe off the outside of the pipet and transfer to a Folin digestion tube. 

4. Digest and determine the nitrogen exactly as for nonprotein nitrogen. 

5. Determine the nonprotein nitrogen of the serum. 

Calculations. ALBUMIN. Set the nesslerized unknown at 15 when (16 X reading 


of standard — N.P.N.) X vy = per cent of albumin in serum. 


GLoBuLIN. Per cent of total protein minus per cent of albumin — per cent of 
globulin. 

Nores. 1. If a blood urea nitrogen has been determined at the same time and is 
normal, it is not necessary to do a nonprotein nitrogen. A subtraction of 25 mg. may 
be used for the nonprotein nitrogen in the calculation. 

2. Normal protein content of serum is 6 to 7.5 per cent. 

Normal albumin content of serum is 4.0 to 5.0 per cent. 
Normal globulin content of serum is 2.0 to 2.5 per cent. 


3. Albumin-globulin ratio: 1.5 to 2.5:1. 
4. In nephrosis the total protein content is decreased, as well as the albumin but 


the globulin is increased. Globulin is also increased in various anaphylactic conditions, 
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in malignancy and in toxic conditions of scarlet fever, erysipelas, pneumonia and in 
toxemia of pregnancy. 


COLORIMETRIC DETERMINATION OF SERUM PROTEINS 


Principle. In this method by Greenberg (J. Biol. Chem., 1929, 82:545) globulin 
is precipitated from blood serum by sodium sulfate solution. Albumin is determined 
colorimetrically in the filtrate by means of a phenol reagent. Total protein is deter- 
mined by the same reagent. Total protein minus albumin equals globulin. 

Reagents. 1. STANDARD TYROSINE SOLUTION. Weigh exactly 0.2 gm. of tyrosine, 
transfer to a 1 liter volumetric flask, dissolve in and dilute to the graduation using 
N/10 hydrochloric acid solution. 

2. N/10 Hyprocutoric Acip SoLuTIon. For preparation see page 951. 

3. 10 PER Cent Soptum HyproxiIpE SoLuTion. For preparation see page 946. 

4, 22.2 Per CENT SopIuM SULFATE SOLUTION. Weigh 22.2 gm. of anhydrous 
sodium sulfate and introduce into a 100 ml. volumetric flask. Add hot distilled water 
to dissolve and dilute to the graduation. 

5. PHENOL REAGENT (FOLIN AND CIOCALTEAU). Introduce into a 2 liter Pyrex 
Erlenmeyer flask 100 gm. of sodium tungstate, 25 gm. of sodium molybdate, 700 ml. 
of distilled water; after these salts are dissolved, add 50 ml. of phosphoric acid and 
100 ml. of concentrated hydrochloric acid. Reflux gently for 10 hours and then add 
150 gm. of lithium sulfate, 50 ml. of distilled water and a few drops of bromine. 
Remove the condenser and boil this mixture 15 minutes to remove excess bromine. 
Bromine fumes are poisonous, therefore the mixture should be boiled in a fume closet. 
Cool, dilute to 1 liter with distilled water and filter. The solution should not have a 
greenish tint. Preserve in a glass-stoppered brown bottle. 

6. 0.85 PER CENT SopIuM CHLORIDE SOLUTION. In a 100 ml. volumetric flask 
dissolve 0.85 gram of sodium chloride in distilled water and dilute to the graduation. 

Procedure. 1. To prepare the albumin solution, place 9.5 ml. of the sodium 
sulfate solution in a 20 ml. test tube. Add 0.5 ml. of serum and mix. Add about 3 ml. 
of ether, stopper the tube and shake vigorously for a few seconds. Remove the stopper, 
cap the test tube and centrifuge 10 minutes. Pipet 5 ml. of the lower albumin sulfate 
solution into a 50 ml. volumetric flask. 

2. Dilute 1 ml. of serum with 9 ml. of the 0.85 per cent sodium chloride solution 
and mix. Pipet 2 ml. into another 50 ml. volumetric flask. 

3. Pipet 5 ml. of the tyrosine standard solution into a third 50 ml. volumetric 
flask. 

4. To each of the 3 volumetric flasks add about 35 ml. of distilled water, exactly 
4 ml. of 10 per cent sodium hydroxide solution and 3 ml. of the phenol reagent. Dilute 
to the marks with distilled water and mix. 

5. After 5 minutes compare the albumin and total protein solutions against the 
tyrosine solution in the colorimeter. 

Calculation. The tyrosine factor for total protein is 16.0 and for albumin 16.6. 
If the unknowns are set at 10 then: 


Per cent total protein = 0.8 X reading of the standard. 
Per cent albumin = 0.664 X reading of the standard. 
Per cent globulin = per cent total protein — per cent of albumin. 
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DETERMINATION OF SERUM PROTEINS BY THE BIURET REACTION 


Principle. The use of the biuret reaction as a quantitative method for the deter- 
mination of serum proteins according to Gornall, Bardawill and David (J. Biol. Chem., 
1948, 177:751), is a simple, rapid, reliable and accurate procedure. For many years 
modifications using varying concentrations of copper sulfate and sodium hydroxide 
have been used successfully. Weichselbaum (Am. J. Clin. Path., Technical Suppl., 
1946, 10:40) introduced the use of a stable biuret reagent containing sodium potas- 
sium tartrate and potassium iodide. The reagent and details described by Gornall, 
Bardawill and David should make this method very useful for the clinical laboratory. 
The diluted serum is treated with the special biuret reagent. The color developed is 
compared with that of standard protein solutions made by diluting a serum in which 
the protein nitrogen has been determined by the micro-Kjeldahl procedure. This 
modification permits the determination of total protein and albumin on the same 
sample of serum. 

Reagents. 1. BrurET REAGENT. Weigh 1.50 gm. of copper sulfate and 6 gm. of 
sodium potassium tartrate and transfer to a dry one liter volumetric flask; dissolve 
in about 500 ml. of distilled water. Add with constant swirling, 300 ml. of 10 per cent 
sodium hydroxide prepared from stock carbonate-free concentrated alkali (page 945). 
Make to volume with distilled water, mix, and store in a paraffin-lined bottle. This 
reagent should keep indefinitely but must be discarded if, as a result of contamination 
or faulty preparation, it shows signs of depositing any black or reddish precipitate. 
The necessity of keeping carbon dioxide away from the alkali has not always been 
appreciated in using the biuret reaction for quantitative determinations. 

2. SopIuM SULFATE, 22.6 PER CENT SoLuTION. Use reagent anhydrous salt for 
preparation of this solution. Keep tightly stoppered at a temperature above 25° C. 

3. EtHyt ETHER, US.P. 

4, SopIuM CHLORIDE, 0.9 PER CENT SOLUTION. 

Procedure. 1. Select three colorimeter cuvettes or test tubes and mark them, 
B (blank), T (total protein), and A (albumin). Into tube B pipet 2 ml. of 22.6 per 
cent sodium sulfate. This blank will serve for all the protein analyses being carried 
on at any one time. 

2. Into a centrifuge tube measure, with a Folin-Ostwald or Van Slyke-Ostwald 
pipet, 0.5 ml. of serum and add 9.5 ml. of 22.6 per cent sodium sulfate solution, drop 
by drop, while swirling the tube. Stopper the tube and mix thoroughly by inversion 
(not by shaking). At once transfer 2 ml. of this mixture to tube T. 

3. To the remaining serum-sulfate mixture in the centrifuge tube add 3 ml. of 
ether, mix for a half minute, cap and centrifuge. Slant the tube and transfer 2 ml. of 
the clear aqueous phase to tube A. 

4. In each of the tubes, B, T, and A, pipet 8 ml. of the biuret reagent and mix 
thoroughly by swirling. Allow the tubes to stand for 30 minutes at room temperature 
(2022252°.62); 

5. The transmission of the tubes is read in the photoelectric colorimeter with a 
filter that is transmitting maximally at 540 mu. The colorimeter is adjusted to 100 per 
cent transmission with tube B (blank) in position. Remove tube B and in turn obtain 
percentage transmission (or optical density) of each (T and A). 
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6. Obtain the concentration of total protein and albumin in the serum by reference 
to the calibration curve; the total protein — the albumin gives the globulin. 

CALIBRATION Curve. 1. Pipet 5 ml. of clear normal serum into a 50 ml. volumetric 
flask, dilute to 50 ml. with 0.9 per cent sodium chloride and mix. 

2. Prepare in duplicate a series oi 9 test tubes or cuvettes and place successively 
2.0, 1.85, 1.70, 1.55, 1.40, 1.20, 1.00, 0.80, and 0.60 ml. of 0.9 per cent saline. Then 
in the same order add 0, 0.15, 0.30, 0.45, 0.60, 0.80, 1.00, 1.20, and 1.40 ml. of the 
diluted serum. 

3. Pipet into each tube 8 ml. of biuret reagent, mix, and read after 30 minutes 
as above. ; 

4. Kjeldahl nitrogen determinations can be determined with the remaining diluted 
serum. The total nitrogen content of 100 ml. of serum corrected for nonprotein nitrogen 
from a separate determination on the original serum, gives protein nitrogen, which is 
multiplied by 6.25 to give the standard protein concentration. 

5. Plot the transmission or density values against 0.15, 0.30, 0.45, 0.60, 0.80, 1.0, 
1.2, and 1.4 times the protein concentration of the standard serum. 

Notes. 1. With instruments that are somewhat less sensitive use 3 ml. of diluted 
protein solution with 7 ml. of a reagent containing 0.25 per cent copper sulfate, 1.0 per 
cent NaKC4H4O¢, and 3.5 per cent NaOH. If readings are made in a single cuvette 
requiring 10 ml. of solution the volume of reagent can be increased to allow 2 to 3 ml. 
of fluid for rinsing. 

2. For work with 3.0 ml. samples use 0, 0.24, 0.45, 0.66, 0.9, 1.2, 1.5, 1.8, and 
2.1 ml. of diluted serum made up to 3 ml. with saline. Plot the transmission values 
against 0, 0.16, 0.3, 0.44, 0.6, 0.8, 1.0, 1.2 and 1.4 times the protein concentration of 
the standard serum. 


TURBIDOMETRIC DETERMINATION OF ALBUMIN AND GLOBULIN 


Principle. In this turbidometric method of Looney and Walsh (J. Biol. Chem., 
1939, 130:635) the turbidities caused by total protein and globulin precipitants are 
measured directly in the photoelectric colorimeter. Albumin is calculated by difference. 

Reagents. 1. Gum Guatt1, 2 PER CENT. 

2. SULFosALIcyLic Aci, 5 PER CENT. Prepared on the indicated basis from a 
sulfosalicylic acid which does not give a pink color in solution. 

3. SopIuM CHLORIDE SOLUTION, 0.85 PER CENT. 

4, AMMONIUM SULFATE, SATURATED SOLUTION. 

Procedure. Determine the total protein and globulin content of a clear specimen 
of human serum by the micro-Kjeldahl method. 

GLOBULIN Factor. Dilute 1 ml. of this standard serum with 9 ml. of the sodium 
chloride solution. Place 1 ml. of this dilute serum in a colorimeter tube and add 2 ml. 
of the gum ghatti solution followed by 3 ml. of the saturated ammonium sulfate solu- 
tion. Mix by inversion several times. Read in the colorimeter after 10 minutes against 
a distilled water zero using a No. 42 filter. 


per cent globulin content of standard, 


The globulin factor = : : 
reading of standard 


ToTAL PRoTEIN FAcTor. Dilute 1 ml. of the standard serum with the saline solu- 
tion to 100 ml. in a volumetric flask, or dilute i ml. of the diluted serum used for 
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the globulin standardization to 10 ml. with saline solution. Place 2 ml. of this dilution 
in a colorimeter tube, add 0.5 ml. of the gum ghatti solution and 2.5 ml. of the 5 per 
cent sulfosalicylic acid. Mix by inversion several times and read in the colorimeter 
against a distilled water zero using a No. 42 filter. 


__ per cent protein content of standard. 


The total protein factor - 
reading of standard 

These factors should be determined in duplicate or triplicate. Once determined, 
they are valid as long as the reagents remain unchanged and need not be determined 
when the unknown is run. 

To DETERMINE GLOBULIN. Prepare a 10 per cent dilution of the unknown serum 
and treat exactly as for the determination of the globulin factor. 

To DETERMINE ToTaL ProrteIN. Prepare a | per cent dilution of the unknown 
serum and treat exactly as for the determination of the total protein factor. 

Calculations. 1. Per cent total protein = reading of the unknown  X the total 
protein factor. 

2. Per cent globulin = reading of unknown globulin & globulin factor. 

3. Per cent albumin = total protein — globulin. 

Nores. 1. After the protein precipitants are added, the contents of the tubes 
should be mixed by inversion only. Vigorous shaking will cause excessive entrainment 
of minute air bubbles which will affect the colorimeter readings. 

2. The 10 minute waiting period is usually sufficient for the small number of air 
bubbles to disappear. However, a longer waiting period may be used since the gum 
ghatti maintains a uniform suspension for more than 30 minutes. 


DETERMINATION OF FIBRINOGEN 


Principle. In this method by Campbell and Hanna (J. Biol. Chem., 1937, 119:15) 
the fibrinogen, precipitated by sodium sulfite, is determined by a micro-Kjeldahl diges- 
tion followed by nesslerization. 

Reagents. 1. Soptum Sutritr, 12.5 Per Cent SOLUTION. Dissolve 12.5 gm. of 
the anhydrous salt in distilled water and dilute to a final volume of 100 ml. 

2. SutFurIc Acip, 50 Per Cent. Same as that used in micro-Kjeldahl determina- 
tion of nonprotein nitrogen (page 977). 

3. NESSLER’s SOLUTION (KocH AND McMEEKkIN). (page 967). 

4. HypRoGEN PEROXIDE, 30 PER CENT, NITROGEN FREE. 

5. Gum GuatTtI SOLUTION. (page 968). 

Procedure. 1. In a clean round-bottomed Pyrex centrifuge tube with pourout, 
graduated at 50 ml., place 0.5 ml. of oxalated or heparinized plasma. Add 9.5 ml. of 
12.5 per cent sodium sulfite solution, mix, and allow the tube to stand in a water bath 
at 37° C. for 10 minutes. (It is unnecessary that the temperature be maintained at 
exactly 37° throughout this period; standing in a beaker of water in which the initial 
temperature does not exceed 40° is satisfactory.) A white precipitate separates out and 
aggregates into larger masses. 

2. Centrifuge for 5 minutes. The precipitate should collect in the botttom of the 
tube in a compact mass, leaving the supernatant fluid quite clear. 

3. Pour off the supernatant fluid and drain the tube one minute, wiping off the 
last drop clinging to the mouth of the tube. 
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4. Break up the precipitate by directing about 5 ml. of the sodium sulfite solution 
upon the mass. Recentrifuge, pour off and drain as before. 

5. Add 1 ml. of the 50 per cent sulfuric acid, a few ml. of distilled water, a dry 
Pyrex bead or quartz pebble and carry on digestion as in the nonprotein nitrogen 
determination. 

6. When the mixture is clear add about 20 ml. of distilled water and 2 drops of 
gum ghatti solution. Prepare the ammonium sulfate standard and proceed with the 
nitrogen determination by micro-Kjeldahl method as given on page 977. 

Calculation. With the nesslerized unknown set at 15, then 2 < reading of standard 
— mg. per cent of fibrinogen nitrogen. To convert to per cent fibrinogen multiply 
by 6.25 and divide by 1000. 


DETERMINATION OF FIBRINOGEN WITH PROTAMINE 


Principle. In this method by Mylone, Winternitz and De Sutd-Nagy (J. Biol. 
Chem., 1942, 143:21), the fibrinogen in oxalated plasma is precipitated by protamine 
and the nitrogen of the precipitate determined by the micro-Kjeldahl procedure. 

Reagents. 1. PROTAMINE SULFATE (E. R. SQuiBB AND Sons). 1 per cent solution 
in saline. 

2. Catcium ACETATE SOLUTION. 1.58 per cent aqueous solution. 

3. TRICHLOROACETIC AcID SOLUTION. 10 per cent in absolute alcohol. 

Procedure. 1. Ina 50 ml. centrifuge tube (clean and dry) place 25 ml. of physio- 
logic saline (0.85 or 0.9 per cent NaCl), and add 1 ml. of oxalated plasma. The plasma 
is obtained from blood to which 100 mg. of dry sodium oxalate had been added for 
each 20 ml. 

2. To this mixture add 1 ml. of the protamine solution and within one minute 
add 3 ml. of the calcium acetate solution. Place in the refrigerator for an hour. 

3. Centrifuge 20 minutes at 2500 r.p.m., pour off the supernatant liquid and add 
30 ml. of cold distilled water. 

4. Centrifuge the contents of the tube again for 10 minutes. Discard the wash 
water. 

5. Add 30 ml. of the trichloroacetic alcoholic solution to the centrifuge tube. The 
fibrinogen mat is now loosened from the base of the tube with the sharp end of a glass 
rod. Small particles clinging to the wall of the tube are freed by using the mat as a 
wiper. 

6. Recentrifuge after rinsing off the glass rod with a little of the trichloroacetic acid 
solution and discard the alcoholic supernatant. 

7. The mat is transferred to a Folin-Wu digestion tube with the aid of distilled 
water, removing the last traces with 10 ml. of distilled water to which 3 ml. of concen- 
trated sulfuric acid were added. 

8. Determine the nitrogen content according to the method given for total nitrogen 
by micro-Kjeldahl on page 977. 

Calculation. If the nesslerized unknown is set at 15, then 1 & reading of the 


standard = mg. per cent fibrinogen nitrogen. To convert to per cent of fibrinogen 
(gm. per 100 ml.) multiply by 6.25 and divide by 1000. 
Notes. 1. For large amounts of fibrinogen (0.7 gm. or more per 100 ml.) 2 ml. of 


the protamine solution should be used instead of 1 mi. 
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2. This method is not affected by the type of anticoagulant, and the results are 
somewhat higher (20 per cent) than by the older methods. 


COPPER SULFATE METHOD FOR DETERMINATION OF SPECIFIC 
GRAVITIES OF WHOLE BLOOD AND PLASMA 


This method, described by Phillips, Van Slyke, Hamilton, Dole, Emerson, Archi- 
bald and Stanley (J. Biol. Chem., 1950, 183:305), makes it possible with 3 or 4 drops 
of blood, a medicine dropper, and small bottles of copper sulfate solution to determine 
the specific gravity of the blood, and from it the hemoglobin content within 10 per cent. 
By examining in a like manner the serum or plasma from the same blood one can 
determine also the plasma protein concentration and increase the accuracy of the 
hemoglobin estimation to + 2 per cent. 

The results can be used as follows: 

1. To assist in ascertaining the results of hemorrhage. 

2..To estimate decrease in plasma volume indicated by hemoglobin increase, and 
to decide whether the plasma volume decrease is due to loss of water (dehydration of 
cholera, dysentery, exposure), or to loss also of plasma proteins (extravasation in 
burns or trauma). 

3. To assist in deciding whether blood replacement therapy requires administra- 
tion of saline solution or plasma or whole blood. 

4. To follow the results of such therapy and decide whether it has been adequate, 
and when it must be repeated. 

5. To assist in deciding which cases must receive blood and plasma, when the 
number of cases exceeds the amount available, and which cases may be able to do 
without. 

6. To assist in diagnosing the different types of anemia and in detecting various 
pathologic conditions, partially summarized in a later section, in which the plasma 
proteins become diluted or concentrated. 

Principle. The technic consisis of letting drops of plasma or whole blood fall into 
a graded series of solutions of copper sulfate of known specific gravity, and noting 
whether the drops rise or fall in the solutions. Each drop, on entering the solution, 
becomes encased in a sack of copper-proteinate, and remains as a discrete drop with- 
out change of gravity for 15 or 20 seconds, during which its rise or fall reveals its 
gravity relative to that of the solution. The specific gravity of the copper solution in 
which the drop neither rises nor falls corresponds to the specific gravity of the sample. 
The size of the drops does not have to be constant, hence no special pipet is needed 
for delivering the drops. No temperature correction is needed, because the temperature 
coefficient of expansion of the copper sulfate solutions approximates that of blood and 
plasma. This method is capable of measuring gravities to + 0.00005, which is more 
than ten times the accuracy required. The copper sulfate solution automatically cleans 
itself after each test, because within a minute or two after the test is completed the 
material of the drop settles to the bottom as a precipitate. The standard CuSO, solu- 
tions are prepared as outlined later. 

For accurate work, viz., gravities within + 0.0005, a series of copper sulfate 
solutions graded at intervals of 0.001 in specific gravity is used; 22 solutions cover 
the plasma range 1.015 to 1.036 and 42 cover the whole blood range, 1.035 to 1.075. 
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For rougher work with gravities accurate to +0.002, 16 solutions at intervals of 
0.004 suffice to cover the entire range of blood and plasma. 


Preparation of Stock Solution of De = 1.1000. The stock solution contains 


159.0 gm. of cupric sulfate per liter at 25° C. At any temperature it contains 5.897 gm. 
of solvent water per 1 gm. of cupric sulfate. 

For preparation of solutions by weight, the sulfate must have the exact composition 
of CuSO,4.5H2,O. The water content can be determined by heating 2 or 3 gm. (exact 
weight known) of the finely ground salt in open Pyrex weighing bottles at 300-350° C. 
until weight is constant, which usually requires 2 to 3 hours. The loss of weight should 
be 36.06£0.02 per cent. Analytical reagent grade copper sulfate usually has the correct 
composition, while U.S.P. grade usually does not meet this requirement. 

The CuSO4.5H.O and distilled water are mixed in the ratio of 170 gm. of pure 
crystals to 1002.5 gm. of distilled water. It is convenient to use sealed bottles contain- 
ing 170-£0.1 gm. of fine crystals of analyzed purity. (Bottles containing this weight 
of copper sulfate can be obtained from E. H. Sargent & Co., 155-165 Superior Street, 
Chicago, Ill.) The copper sulfate sold as fine crystals is preferable to that of large 
crystals because of the greater ease with which the smaller crystals dissolve. 


TABLE 74. VOLUME OF DISTILLED WATER TO ADD TO 170.0 gm. OF CuSO,.5H,0 TO 
PREPARE STOCK SOLUTION OF D32 = 1.1000.* 


Temperature of Water ml. of Distilled Water to 
ag 170 gm. CuSO4.5H,O 


* The solution contains 1002.5 gm. of distilled water per 170.0 gm. of CuSO4.5H,O. The volumes 
of water given in the table are 0.8 ml. more than theoretical in order to allow for the adherence 
of this amount to the inside of the flask after two minutes drainage. 


To make 3.2 liters of stock solution, sufficient for a set of 100 ml. standards, 
transfer 3 of the 170 gm. portions of sulfate quantitatively to a 4 liter bottle. Fill 
a one liter volumetric flask to the mark with distilled water. Take the temperature of 
the water. Then add from a buret enough additional water to the liter in the flask 
to bring the volume to that indicated in Table 74. Empty the water from the flask 
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into the bottle containing the sulfate. Let the water from the upturned flask drain into 
the bottle for 2 minutes. In this manner measure two more portions of distilled water, 
one for each 170 gm. portion of copper sulfate. 

Preparation of Standard Copper Sulfate Solutions by Dilution of Stock Solu- 
tion. Sixty-four 100 ml. cylindrical prescription bottles with screw caps are required. 
Each bottle is labeled on the side and also marked on the cap with the gravity of the 
ee? 
glass stop-cock, a 25 ml. transfer pipet and a 100 ml. volumetric flask (its mark should 
be no more than 25 mm. above the level where the neck widens into the bulb). 


solution that it is to contain, indicated in Table 75 as D Use a 25 ml. buret with 


TABLE 75. VOLUMES OF STOCK CuSO, SOLUTION OF De = 1.1000 TO DILUTE TO 
100 ml. TO MAKE STANDARD SOLUTIONS FOR PLASMA AND BLOOD. 


Standard Solutions for Plasma * Standard Solutions for Whole Blood * 


Volume of 
stock solution 


Gravity of Volume of Gravity of Volume of | Gravity of 


plasma 
balanced by 
standard 


stock solution 
per 100 ml. 
standard 


ml. 


blood 
balanced by 
standard 


25 
D 25 


stock solution 
per 100 ml. 
standard 


ml. 


blood 
balanced by 
standard 


per 100 ml. 
standard 


* The standard solutions for plasma are made lighter by 0.0006 gravity unit than the drops 
of plasma that they balance, and the standard solutions for whole blood are made 0.0001 unit heavier 


than the drops of whole blood that they balance. 
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To prepare each standard listed in Table 75, the volume of the stock indicated is 
measured into the 100 ml. volumetric flask, the volume up to 25 or 50 ml. being 
measured by pipet, the rest by buret. After the solution is in the flask, distilled water 
is added in a rapid stream until the surface approaches the neck of the flask. The addi- 
tion of distilled water is then continued without rotation until the 100 ml. mark is 
reached when the flask is inverted to complete mixing. The preliminary mixing attained 
before the neck of the flask is reached is sufficient to prevent measurable shrinkage 
in the final mixing. The solution is decanted into the labeled bottle. After the transfer 
of each standard, the 100 ml. volumetric flask is rinsed with distilled water, and is used 
to prepare the next standard of the series. It is convenient to have a rack to hold the 
standards. If the stock solution and the distilled water are at the same temperature 
when they are mixed according to Table 75, the weight ratio of the distilled water to 
the copper sulfate solution is not significantly affected by temperature variations be- 
tween 10 and 40° C. 

The standard solutions prepared according to the table have slightly different 


gravities from the D2 values of plasma and blood as balanced by the standards. 


Plasma drops balance (neither rise or fall) in copper sulfate solutions that average 
lighter than the plasma by 0.0007 gravity unit. Hence to indicate the correct plasma 
25 
25 
values 0.0007 + 0.0001 lighter than the value shown in the first column of the table. 
Each standard is prepared to have, before it is used, a gravity lower 0.0006 units than 
it is labeled, and during use the gravity falls 0.0002 unit more before the standard is 


gravity, the standard solutions for plasma are prepared by Table 75 to have D 


5 : : : F 
discarded. The Dy, range of each standard during the period of its use is 0.0007 


5 
+0.0001 unit lower than it is labeled. A plasma of gravity 1.0270 balances in a copper 


sulfate standard solution marked 1.0270 but the actual gravity of the standard is 
1.0263. 

Procedure. 1. Tourniquets should not be applied for more than 1 minute. Longer 
application may force so much fluid out of the blood that the concentration is measur- 
ably increased. In conditions of shock capillary blood may contain 30 to 40 per cent 
more cells than venous blood; hence in such conditions capillary blood cannot serve 
as a sample of circulating blood. 

2. Whole blood may be delivered directly from the syringe and needle in which 
the blood was drawn into the copper sulfate solutions. If, however, the blood is trans- 
ferred to a test tube containing anticoagulant, the cells and plasma must be thoroughly 
mixed immediately before a sample is drawn into a medicine dropper for the gravity 
test. For this purpose, the tube containing the blood is (a) inverted 10 times, or 
(©) a glass rod with a mushroom end is raised and lowered through the blood 10 times, 
just before the sample is drawn into the dropper. Gross error in hemoglobin estimation 
could result if the blood sample were taken from blood in which partial settling of the 
cells had occurred. 

Plasma gravity is best determined on plasma from blood which is treated with 
heparin, 0.2 mg. per ml. blood, as anticoagulant, since the heparin exerts no measurable 
effect on the gravity results. Almost equally good is Heller and Paul’s mixture of 
3 parts ammonium oxalate and 2 parts potassium oxalate, if the amount used does not 
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exceed 1 mg. per ml. of blood. Sodium citrate cannot be used as anticoagulant. In 
effective concentrations it exerts too great an effect on the gravities. 

3. The drop of serum, plasma or whole blood is delivered from a height of about 
1 cm. above the solution from a medicine dropper, or from a syringe needle. It is 
preferable to use small drops for the reason that they permit more tests before the 
standard solution must be changed. Therefore, a medicine dropper with a fine tip is 
preferable to a coarse one. Greasing the sides of the tip with 
Vaseline also reduces the size of the drop, especially if the Vase- 
line is mixed with a little caprylic alcohol. When the drop is 
delivered it is convenient to steady the dropper on the edge of 
the bottle (Fig. 376). 

The delivered drop breaks through the surface film of the 
solution and penetrates 2 to 3 cm. below the surface; within 
5 seconds the momentum of the fall is lost and the drop then 
either begins to rise, or becomes stationary, or continues to fall. 
The gravity of the drop relative to the solution does not change 
appreciably until the drop has been immersed in the solution 
for another 10 or 15 seconds, and there is ample time to note 
its behavior during this interval. If the drop is lighter than the 
test solution it will rise, perhaps only a few millimeters and may 
begin to sink immediately afterwards. If the drop is of the same 
gravity as the standard test solution it will become stationary 
for this interval and then fall. If the drop is heavier it will con- 
tinue to fall during the interval. Jn summary, the behavior during 
the 10 seconds after the drop has lost the momentum of its fall 
into the solution indicates whether the drop is lighter or heavier 
than the test solution; if it rises at all during this period it is 
known to be lighter than the standard. 

4. For general work it may suffice to determine the gravities Fig. 


376. Bottle 
for determina- 


to + 0.001. For this only 16 standard solutions with gravity isicoReneeine 

intervals of 0.004 covering the range from 1.016 to 1.076 will be gravity of 

needed. An error of 0.001 in plasma gravity affects plasma pro- ste as 
plasma by 


teins by 0.3 gm. per 100 ml.; additive errors of 0.001 in the Sopparttsultate 
gravities of both plasma and whole blood affect hemoglobin method. 


results by 5 per cent. 
Calculations. 1. For normal serum and plasma proteins the best equation for the 


relationship of protein and specific gravity is: 
P = 373 (G — 1.0070) 
where P = grams of protein per 100 ml. of sample and G specific gravity of sample. 
2. For pathologic serum and plasma the best corresponding equation is 
P = 365 (G — 1.0070) 
3. The hematocrit value of the blood can be obtained from the specific gravities 


of the blood G, and the plasma G, by this relationship: 


P (Gp al oi Gp) 
H (Hematocrit per cent) = 100 X (1.0964 — Gp) 
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4. For hemoglobin, in terms of grams per 100 ml., the relationship is: 


(BES 


: lobin = 33. ee 
Gm. of hemoglobin = 33.9 X (1.0964 — Gs) 


5. CoRRECTIONS FOR ADDED ANTICOAGULANTS. No corrections are needed if heparin, 
0.1 or 0.2 mg. per ml. of blood, is used. For each mg. oxalate subtract 0.0004 from the 
observed G, and the observed G,. If a tube with 5 mg. of oxalate receives the expected 
5 ml. of blood, the correction to G, and G, is therefore 0.0004. Neglect of the 0.0004 
correction would lead to an overestimation of the plasma proteins by 0.1 gm. per 100 
ml. of plasma, and of hemoglobin by 0.1 gm. per 100 ml. of blood, errors which may 
usually be neglected. If, however, the volume of blood placed in the tube is less than 
5 ml. the oxalate concentrations will be greater, and the corrections to G, and G, will 
be as follows: for 4 ml. of added blood —0.0005; for 3 ml. —0.0007; for 2 ml. 
—0.0010; for 1 ml. —0.0020. 


DETERMINATION OF SERUM PHOSPHATASE 


Principle. In this method by King and Armstrong (Canad. M.A.J., 1934, 31:376) 
the activity of phosphatase is measured in acid or alkaline substrates, containing 
disodium phenylphosphate, by its ability to liberate phenol, the amount of which is 
determined colorimetrically. 

Reagents. 1. BUFFER SUBSTRATE AT PH 5. Dissolve 21 gm. of citric acid in about 
20 ml. of distilled water and add 200 ml. of normal sodium hydroxide. Dissolve sepa- 
rately 1.09 gm. of disodium-monophenyl-phosphate in about 300 ml. of distilled water. 
Mix the 2 solutions and dilute to 1000 ml. in a volumetric flask. Add 5 ml. of chloro- 
form. Keep in refrigerator. 

2. BUFFER SUBSTRATE AT PH 9.3. Transfer to a 1 liter volumetric flask 1.09 gm. 
disodium-monophenyl-phosphate and 10.3 gm. sodium-diethyl barbiturate (barbital 
sodium). Dissolve in distilled water and dilute to the mark. Add 5 ml. of chloroform. 
Keep in refrigerator. 

3. Soprtum CARBONATE, 20 PER CENT, AQUEOUS SOLUTION. 

4, PHENOL REAGENT (FOLIN AND CrocALTEAU). In a 2 liter Florence flask place 
100 gm. of sodium tungstate, 25 gm. of sodium molybdate and 700 ml. of distilled 
water. When dissolved, add 50 ml. of 85 per cent orthophosphoric acid and 100 ml. of 
concentrated hydrochloric acid. Boil gently for 10 hours under a reflux condenser 
(cork stopper). Cool, add 150 gm. of lithium sulfate, 50 ml. of distilled water and a 
few drops of liquid bromine. Boil the mixture in a hood without the condenser for 
about 15 minutes to remove the excess bromine. Cool, pour into a liter cylinder and 
dilute to the mark. The finished solution should have no greenish tint. It should be 
kept in a bottle with a well fitting, ground glass stopper. For use in the tests 1 volume 
is diluted with 3 volumes of water. 

5. STOCK STANDARD PHENOL SOLUTION. Dissolve 1 gm. of crystalline phenol in 
N/10 hydrochloric acid and make up to 1 liter with N/10 hydrochloric acid. Transfer 
25 ml. of this solution to a 250 ml. ground glass-stoppered Erlenmeyer flask, add 
50 ml. of N/10 sodium hydroxide solution and heat to 65° C. To the hot solution 
add 25 ml. of N/10 iodine solution, stopper the flask and let stand at room temperature 
for 30 to 40 minutes. Add 5 ml. of concentrated hydrochloric acid and titrate with 
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N/10 thiosulfate solution. Using the appropriate factors for the iodine and thiosulfate 
solutions which convert them to exact N/10 normal, the phenol in mg. per 100 ml. 
is 6.27 & (25 ml. N/10 iodine — ml. N/10 thiosulfate). The solution keeps indef- 
initely in the cold. 

6. STANDARD PHENOL SoLuTIoN. This should contain exactly 10 mg. per 100 ml. 
Measure from a buret into a 100 ml. volumetric flask the quantity of stock standard 
phenol solution which is obtained by the fraction 

1000 
mg. phenol per 100 ml. of stock (item 5) 
in the refrigerator. 

7, PHENOL REAGENT. Phenol Solution. This is the colorimeter standard and is 
made fresh before use by diluting 15 ml. of diluted phenol reagent and exactly 5 ml. 
of standard phenol (item 6) to 50 ml. in a volumetric flask. 

Procedure. Tests are run in duplicate. 1. In 4 test tubes place two 10 ml. portions 
each of pH 5 and pH 9.3 buffer substrate solutions. 

2. Place tubes in a water bath at 37.5° C. and allow to remain long enough for the 
solutions to reach this temperature. 

3. Add 0.5 ml. of serum to each tube, stopper with rubber stoppers, invert twice 
and allow to remain in the water bath for exactly 30 minutes. 

4. Add 4.5 ml. of the diluted phenol reagent to each tube and mix by inverting 
several times. 

5. In 2 other tubes place 10 ml. portions each of pH 5 and pH 9.3 buffer substrate 
solution. Add to each 4.5 ml. of diluted phenol reagent followed by 0.5 ml. of serum 
and mix (blank). 

6. Centrifuge all tubes for 2 to 3 minutes. 

7. Pipet 10 ml. of supernatant from each of the 6 tubes into 6 clean test tubes. 

8. Pipet 10 ml. of the colorimeter standard phenol solution (item 7) into another 
test tube. 

9. Add 2.5 ml. of the 20 per cent sodium carbonate to each of the 7 tubes and 
after 20 minutes compare in the colorimeter. 

Calculations. Since the diluted standard phenol solution contains 1.0 mg. per 
10 ml. which is diluted 1:10 and 10 ml. of this solution used for comparison, if the 


and dilute to the mark. Keeps at least 3 months 


ding of standard _, 50 Leal OO 
unknown or blanks are set at 30, then a x > ala io * pet 


the number of mg. of phenol per 100 ml. of serum. Or the phenol content of unknown 
or blank in mg. per 100 ml. = the reading of the standard. 

The phosphatase activity, either acid or alkaline, in King-Armstrong units equals 
reading of the standard against the unknown minus the reading of the standard against 
the blank. 

Notes. 1. It is important that cell-free unhemolyzed serum be used. 

2. In the acid phosphatase procedure it may be advantageous to store the buffer 
and substrate separately and mix just before use. More satisfactory colorimeter read- 
ings may be obtained in the acid phosphatase method by using a longer incubation 
period and correcting the calculation for the longer time of hydrolysis. 

3. If the phosphatase activity is high, giving very deep colors, the unknowns 
should be set at 15 and the calculation given previously multiplied by 2. 


1044. METHODS FOR CHEMICAL EXAMINATIONS OF THE BLOOD 


4. If the phosphatase activity is over 100 units, hydrolysis products have probably 
interfered with the reaction and it is best to repeat the tests using 0.5 ml. of a 1:5 
dilution of serum. The results are then multiplied by 5. 

5. It is important that the time of incubation be strictly adhered to and the 
phenol reagent be added after exactly 30 minutes. 

6. Acid phosphatase values under 5 King-Armstrong units are normal. 

7. Alkaline phosphatase values under 13 King-Armstrong units are normal. 

8. Values of acid phosphatase of over 5 are suspicious of prostatic carcinoma; 
over 10 are diagnostic for prostatic carcinoma with metastases. 

9. Elevated alkaline phosphatase values are found in liver disease of the obstruc- 
tive type, malignant bone tumors, Paget’s disease, rickets and pregnancy. 


DETERMINATION OF SERUM PHOSPHATASE 


Principle. In this method by Bodansky (J. Biol. Chem., 1933, 101:93) the activity 
of phosphatase is measured in acid or alkaline substrates, containing glycerophosphate, 
by its ability to liberate phosphorus, the amount of which is measured colorimetrically. 

Reagents. 1. Soprum Hyproxipg, N/10. 

2. Acetic Actp, N/1. Transfer about 60 ml. of glacial acetic acid to a 1 liter 
volumetric flask and dilute to the mark with water. Titrate 5 ml. of this solution with 
N/10 sodium hydroxide using a few drops of 0.5 per cent alcoholic phenolphthalein 
* solution as indicator: 

50 


ml. of 0.1N sodium hydroxide 
this acetic acid solution is multiplied to obtain the amount of this solution to use in order to 
be equivalent to the prescribed volumes of N/10. 


= factor by which the volume of 


3. STocK GLYCEROPHOSPHATE. Place 3 ml. of petroleum ether and about 80 ml. 
of distilled water in a 100 ml. volumetric flask. Add 1.0 gm. of sodium betaglycero- 
phosphate 542H,O (Eastman) and 0.85 gm. of sodium diethyl barbiturate. Dissolve 
and bring the aqueous level to the mark. Mix and keep in the refrigerator. 

4. ALKALINE PHOSPHATE SuBsTRATE. Into a 100 ml. volumetric flask place 3 ml. 
of petroleum ether, 50 ml. of the stock glycerophosphate and 2.8 ml. of N/10 sodium 
hydroxide. Dilute the aqueous layer to the mark and mix. The pH should be 10.8 
+ 0.1. Keep in refrigerator. 

5. AcID PHOSPHATE SupstRATE. Into a 100 ml. volumetric flask place 3 ml. of 
petroleum ether, 50 ml. of stock glycerophosphate and 5 ml. of N/1 acetic acid. Dilute 
the aqueous layer to the mark and mix. The pH should be 5.0 + 0.1. Keep in 
refrigerator. 

6. TRICHLOROACETIC AcID, 40 PER CENT. 

7. Reagents used in method of Fiske and Subbarow for phosphorus determination 
(page 1007). 

Procedure. 1. Place 9 ml. of the alkaline substrate into a test tube. 

2. Place 9 ml. of the acid substrate into another test tube. 

3. Place both tubes in a water bath at 37.5° C. 

4, After the contents of the tubes have attained the water bath temperature, add 
to each 1 ml. of serum, stopper, mix and return to the water bath for 1 hour. 

5. While the digestion is occurring, place 9 ml. of the alkaline substrate into a test 
tube and 9 ml. of the acid substrate into another test tube. These are the blank or 


DETERMINATION OF LIPASE 1045 


control tubes. Add to each 2 ml. of the 40 per cent trichloroacetic acid and 1 ml. of 
serum. Stopper, shake and filter. 

6. After exactly 1 hour, add 2 ml. of the trichloroacetic acid to the 2 tubes in the 
water bath. Stopper, shake and filter. 

7. Place 6 ml. of the 4 filtrates into four 10 ml. graduated cylinders or volumetric 
flasks, and proceed with the determination of phosphorus exactly as in the Fiske and 
Subbarow method described on page 1007. 

Calculations. With the unknown set at 20, the phosphorous content per 100 ml. 
of serum is 0.4 times the standard reading. From the results of the heated tubes sub- 
tract the results of the respective unheated tubes. The remainders represent the phos- 
phorus liberated due to phosphatase activity per 100 ml. (Bodansky units). 

Notes. 1. Inhibition of hydrolysis usually occurs when values over 60 units have 
been obtained. In such cases repeat the determinations using 1 ml. of a 1:5 dilution of 
serum and multiply the results by 5. 

2. The normal range for alkaline phosphatase is about 2 to 9 units; for acid 
phosphatase values in excess of 1.2 units are probably abnormal. 

3. Abnormal values by this method have the same indications as for the preceding 
method. 


DETERMINATION OF LIPASE 


Principle. In this method by Cherry and Crandall (Am. J. Physiol., 1932, 100:266) 
the fatty acids which are liberated from olive oil (a neutral fat) by the lipolytic action 
of lipase in serum are determined by titration with a standardized solution of sodium 
hydroxide. 

Reagents. 1. Soprum HyproxipE, N/20 Sorution. This is prepared by diluting 
N/10 sodium hydroxide solution with an equal volume of boiled distilled water. 

2. PHospHATE BUFFER SOLUTION, PH 7. 10 ml. of % molar solution of disodium 
hydrogen phosphate plus 3 ml. of % molar solution of potassium dihydrogen phosphate. 

3. OLIve Orr Emutsion, 50 Per Cent. Add to pure olive oil (oil from George 
Lueders & Co., 12 S. 12th Street, Phila., Pa. has proved to be satisfactory) 1.8 gm. 
of calcium carbonate for every 100 ml. of oil and heat the mixture to 100° C. Maintain 
rapid and continuous stirring with a mechanical stirrer. Filter through a Buchner 
funnel until clear. Add an equal amount of an aqueous solution containing 5 per cent 
gum acacia, 0.2 per cent sodium benzoate and distilled water. Homogenize with a high 
speed stirrer (Waring Blendor for 15 minutes). This emulsion should be kept in the 
refrigerator. 

4, PHENOLPHTHALEIN, 1 Per Cent ALCOHOLIC SOLUTION. One gram of phenol- 
phthalein plus 53 ml. of 95 per cent ethyl alcohol and dilute to 100 ml. with distilled 
water. 

5. 95 Per CENT ETHYL ALCOHOL. 

Procedure. 1. Place 3 ml. of distilled water in each of two large test tubes. Add 


1 ml. of serum to each tube. . 
2. Inactivate one tube marked “control” in a boiling water bath for 5 minutes. 


Cool to room temperature. 
3. Add 0.5 ml. of phosphate buffer solution and 2 ml. of olive oil emulsion to each 
tube. Incubate for 24 hours at 37.5° C. 
4. At the end of 24 hours, remove the tubes from the incubator and add 3 ml. of 
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95 per cent alcohol and 2 drops of the phenolphthalein solution to each tube. Mix each 
tube thoroughly. 

5. Titrate each tube to a faint pink with N/20 sodium hydroxide solution. 

Calculation. Subtract the number of ml. of N/20 sodium hydroxide used for the 
control tube from that used in the serum tube. Results are expressed as ml. of N/20 
alkali required to neutralize the fatty acid liberated by 1 ml. of serum. For example, 
control tube titrates 1.9 ml. of N/20 sodium hydroxide, unknown specimen titrates 
2.2 ml., therefore lipase is reported as 2.2 — 1.9 = 0.3 unit. 

Notes. 1. Normal serum values vary between 0.5 and 1.0 unit. Each batch of 
olive oil emulsion should be standardized with a set of normal sera because the magni- 
tude of the limits of normal will vary with the size of substrate particles. 

2. Values in excess of 1.5 units are frequently found in acute pancreatitis and in 
patients with carcinoma of the pancreas. 

3. Any incubation beyond 24 hours will cause the olive oil to break down and 
thereby give incorrect titrations. 

4. With this method there is a delay of 24 hours before the results are obtained. 
Goldstein and Roe (J. Lab. & Clin. Med., 1943, 28:1368) found that when tributyrin 
was used as a Substrate, the amount of fatty acid liberated in a one hour hydrolysis 
by serum equals that from a 24 hour hydrolysis of olive oil by the same serum. The 
use of tributyrin is subject to criticism because it can also be split by esterase which 
is another enzyme found in serum. 


DETERMINATION OF AMYLASE 


Principle. In this method by Somogyi (J. Biol. Chem., 1938, 125:399) the plasma 
(serum or blood) is incubated with starch solution, proteins are precipitated, and the 
reducing sugar (maltose) formed by the action of amylase on starch is determined by 
the Folin-Wu sugar method (procedure A) or by the action on a high alkalinity copper 
reagent, the cuprous oxide being determined titrimetrically (procedure B). 

Procedure A. Reagents. 1. Soprum TUNGSTATE SOLUTION. 6 per cent solution in 
distilled water for plasma and serum; 10 per cent for whole blood. 

2. COPPER SULFATE SOLUTION. 5 per cent solution in distilled water for plasma 
and serum; 7 per cent for whole blood. 

3. STARCH SOLUTION. Place 50 gm. of pure rice starch or U.S.P. cornstarch in a 
1 liter glass-stoppered cylinder, add 500 ml. of approximately N/100 hydrochloric acid 
and shake intermittently during the course of an hour. After sedimentation, pour off the 
acid, add about 500 ml. of 0.05 per cent sodium chloride and shake thoroughly. After 
sedimentation, pour off the salt solution and repeat the washing with another 500 ml. 
portion of salt solution. Finally spread out the starch on a pad of filter paper and allow 
it to air dry. 

Grind 15 gm. of the dried starch in a mortar with 50 ml. of distilled water while 
900 ml. of distilled water are heated to boiling in an Erlenmeyer flask. Transfer the 
ground starch paste to the boiling water with vigorous agitation, using 50 ml. of 
distilled water to rinse the mortar. Heat on a boiling water bath for 30 minutes, keeping 
the mouth of the flask covered with a beaker. Cool, cover with toluene and store in the 
refrigerator. Keeps a few days. 

4, Actb SoDIUM CHLORIDE SOLuTIoNn. Dissolve 10 gm. of sodium chloride in water 
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and transfer to a 1 liter volumetric flask. Add 3 ml. of N/10 hydrochloric acid and 
dilute to the mark with water. 

Procedure A. 1. In each of two 14 to 16 mm. test tubes place 5 ml. of the starch 
paste and 2 ml. of the sodium chloride solution; warm to incubator temperature (37° 
COIS See), 

2. Add 1 ml. of serum to 1 tube and 1 ml. of distilled water to the other tube 
(blank); stopper the tubes, mix and incubate for 35 minutes. 

3. The amylase activity is then stopped in both tubes by the addition to each of 
1 ml. of the copper sulfate solution and 1 ml. of the sodium tungstate solution. Mix 
and filter. 

4. In a third test tube (control) place 5 ml. of distilled water, 2 ml. of the sodium 
chloride solution, 1 ml. of serum and 1 ml. each of the sodium tungstate and copper 
sulfate solutions. Mix and filter. 

5. Determine the reducing sugars on 2 ml. portions of each filtrate by the Folin-Wu 
method described on page 985. 

Calculation. The amylolytic activity is defined as the mg. of reducing sugars, 
expressed as glucose, per 100 ml. of serum; therefore, subtract the reducing sugar 
found in the blank and control from that of the unknown and the difference is the 
amylolytic value of the serum. Calculate as per the following example: 


Plasma and starch gave a value of 350 mg. per 100 ml. 
Starch blank alone gave a value of 25 mg. per 100 ml. 
Serum blank alone gave a value of 108 mg. per 100 ml. 
350 — 25 — 108 = 217 mg., the amylase concentration. 


Normal values range from 40 to 110, averaging about 60. High values are generally 
indicative of acute pancreatitis. Low values are generally indicative of fibrosis and 
atrophy of the pancreas or hepatic disease. Normal or subnormal values are commonly 
observed in perforated peptic ulcers; moderately increased values are generally indica- 
tive of posterior perforated ulcers near or at the pancreas. 

Procedure B. Reagents. 1. Starch and sodium tungstate solutions as in pro- 
cedure A. 

2. CoPpPER REAGENT. Dissolve 25 gm. of anhydrous sodium carbonate and 25 gm. 
of sodium potassium tartrate in about 700 ml. of distilled water. Dissolve 6 gm. of 
copper sulfate in about 60 ml. of distilled water and add to the first solution with 
stirring. Add 40 ml. of 1.0 N NaOH solution. Dissolve 5 gm. of potassium iodide 
(reagent grade) in a little distilled water and add to this solution. Heat the solution 
to boiling, boil for about 30 seconds, and cool. Weigh 0.5351 gm. of dry potassium 
iodate (dried at 120° C.) on an analytical balance and dissolve in about 100 mi. of 
distilled water, and transfer quantitatively to a one liter volumetric flask. Pour the 
other prepared solution, after it is cool, into the flask containing the iodate solution, 
rinsing the container with a little distilled water. Make up to one liter with distilled 
water and mix thoroughly. Five ml. of this solution contain 0.075 milliequivalent of 
oxidizing power. 

3. Soptum THIOSULFATE SOLUTION, 0.005 N. Dissolve 1.25 gm. of sodium thio- 
sulfate and 3.8 gm. of borax in distilled water. Add 5 ml. of isoamyl alcohol and dilute 
to a final volume of 1000 ml. with distilled water. Do not adjust the strength of this 
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solution. Titrate against copper reagent and use a factor. Standardize as follows: into 
a 25 by 200 mm. test tube place exactly 5 ml. of copper reagent, 5 ml. of distilled water, 
and 5 ml. of the N sulfuric acid solution. Titrate with 0.005 N thiosulfate until nearly 
all of the free iodine has disappeared. Add a few drops of starch solution and continue 
the titration to the end point (disappearance of blue). 

4. Sutruric Acip, 1.0 N. Pour 28 ml. of concentrated sulfuric acid into 700 ml. 
of distilled water, cool, and dilute to one liter with distilled water. 

Procedure B. 1. Into a 16 by 120 mm. test tube place 5 ml. of starch solution 
and 2 ml. of the acid sodium chloride solution. Mix and immerse in a water bath at 
40° C. for a few minutes. When the fluid has reached the temperature of the bath add 
1 ml. of plasma (or serum or whole blood), stopper, invert a few times, and incubate 
for 30 minutes at 40° C. 

2. Add 1 ml. of the copper sulfate solution (5 per cent for plasma or serum, 7 per 
cent for whole blood), mix, add 1 ml. of tungstate solution (6 per cent for plasma and 
serum, 10 per cent for whole blood), shake well, and centrifuge until supernatant fluid 
is clear. 

3. Pour supernatant fluid through a small filter paper. 

4. Measure 5 ml. of filtrate into a 25 by 200 mm. test tube. Into a second tube 
place 1 ml. of filtrate and 4 ml. of distilled water. 

5. Set up a blank as follows: Into a 16 by 120 mm. test tube place 5 ml. of starch 
solution, 2 ml. of acid sodium chloride solution, 1 ml. of copper solution, and 1 ml. of 
plasma (or serum or whole blood). Mix. Immediately add 1 ml. of tungstate solution, 
shake well, and centrifuge. Pour supernatant fluid through a small filter paper. Measure 
5 ml. of filtrate into a third 25 by 200 mm. test tube, and in a fourth tube place 1 ml. 
of this filtrate and 4 ml. of distilled water. 

6. To each of the four tubes add exactly 5 ml. of the high alkalinity copper reagent. 
Mix. Cover tubes with glass balls, and heat in boiling water for 20 minutes. Remove 
and cool in cold water. If blue color remains in all four tubes, titrate those containing 
5 ml. of filtrate. If all or nearly all of the blue color is gone from the tube with 5 ml. 
of filtrate from the digested mixture, titrate only the 1:5 dilutions. 

7. To the unknown tube add 5 ml. of N sulfuric acid solution and mix well to 
dissolve all of the cuprous oxide. A definite amount of iodine is liberated, part of it 
reacting with the cuprous oxide. The excess iodine turns the starch-containing solution 
a deep blue color. Titrate with 0.005 N thiosulfate solution until this blue color dis- 
appears. A very faint bluish appearance may remain due to the cupric ions, but the 
end point is clear and sharp. It must be approached slowly because of strong adsorption 
of iodine on the starch. Repeat the titration with the blank tube. 

Calculation. Let T, — number of ml. of thiosulfate solution required in the 
standardization titration, T, — the number required for titration of unknown, and 
T, = the number for titration of the blank. Then the normality factor for the 0.005 
N thiosulfate, F, is 

5eX<01015 sex 0005. One ~ 
If A = the number of ml. of exact 0.005 N thiosulfate solution corresponding to the 
amylase activity of the titrated sample, then 


A = ESC 
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Look up the value corresponding to A in Table 76 to obtain the amylase activity of the 
plasma, serum or blood in terms of glucose equivalent. If the 1:5 dilution was used, 


this value must be multiplied by 5. 


TABLE 76. GLUCOSE EQUIVALENTS (mg. per 100 ml.).* 


A ml. of 
exact 
0.005 V 0 0.1 

NaoSo03 


0.2 


0 
1 39 42 
2 71 74 
3 102 106 
4 133 137 
5 164 168 
6 195 199 
7 226 229 
8 256 260 
g 287 290 
10 317 S2L 
11 348 Soe, 
12 379 383 
13 410 414 
14 441 445 
15 472 475 
16 502 506 


45 

78 
109 
140 
jak 
202 
232 
263 
293 
324 
309 
386 
417 
448 
478 
509 


0.3 


0.4 


48 

81 
112 
143 
174 
205 
239) 
266 
296 
Sard 
358 
389 
420 
451 
481 
Hl 


18 

52 

84 
115 
146 
177 
208 
238 
269 
299 
330 
361 
OZ 
423 
454 
484 
515 


* Values in left hand column and top row are ml. and tenths of ml. difference (A) between 
titration values for blank and unknown, expressed as exact 0.005 WN thiosulfate solution. 


Notes. 1. Normal values by this method are 50 to 200 mg. of glucose equivalents 
per 100 ml. of plasma, with the majority of values falling between 80 and 150. The 
amylase of whole blood is contained almost entirely in the plasma; therefore a value 
for whole blood would be approximately 60 per cent of that of serum or plasma. High 
values for amylase accompany acute inflammation of the pancreas. 

2. On plasma with high activity it is more accurate to make a dilution of the plasma 
with 0.5 per cent sodium chloride solution before digestion rather than afterwards. 


DETERMINATION OF THIOCYANATES 


Principle. In this method by Barker (J.A.M.A., 1936, 106:762) the thiocyanate 
is determined by the measurement of the color produced by ferric salt on the deprotein- 


ized blood filtrate. 


Reagents. 1. TRICHLOROACETIC ACID SOLUTION, 5 PER CENT. 

2. Ferric NITRATE SOLUTION. Dissolve 5 gm. of crystallized ferric nitrate in about 
50 ml. of distilled water in a 100 ml. volumetric flask. Add 2.5 ml. of concentrated 
nitric acid and dilute to the mark with distilled water. 

3. STANDARD THIOCYANATE SOLUTION. This is most conveniently prepared from 
the thiocyanate solution used in the blood chloride determination of Whitehorn (page 
1003) where the ammonium thiocyanate solution has been adjusted so that 10 ml. of 
the silver nitrate solution is equivalent to 10 ml. of the NH4SCN. This solution con- 
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tains 1.3019 mg. of NHySCN per ml. or 0.994 mg. of thiocyanate, SCN, per ml. For 
use dilute 2.01 ml. of this solution in a 100 ml. volumetric flask with 80 ml. of 5 per 
cent trichloroacetic acid and dilute to the mark with distilled water (10 ml. — 0.2 mg. 
of thiocyanate). 

Procedure. 1. Measure 16 ml. of the trichloroacetic acid into a 50 ml. Erlenmeyer 
flask. Add slowly and with constant shaking 4 ml. of plasma or serum. Stopper the 
flask and shake vigorously. Let stand 10 minutes and filter. The filtrate should be 
clear; if not, refilter through the same filter paper. 

2. Place 10 ml. of filtrate in a test tube. 

3. Place 10 ml. of the dilute standard in another test tube. 

4. Add to each tube 2 ml. of the ferric nitrate reagent, mix and read in the color- 
imeter within 5 minutes. 

208 <2 100 


Calculation. If the standard is set at 20, then : a2 Or 
reading of unknown 2 


200 

reading of unknown 

Or, if the unknown is set at 20, then % the reading of the standard = the thio- 
cyanate in serum in mg. per cent. 

Notes. 1. The colors fade on standing; colorimetric readings should not be de- 
layed. 

2. A maximum level of 10 mg. per 100 ml. is believed to be optimal in the treat- 
ment of hypertension. A content of more than 15 mg. per cent may produce toxic 
effects. 


— mg. per cent of thiocyanate in plasma or serum. 


DETERMINATION OF SULFONAMIDE COMPOUNDS 
IN BLOOD AND URINE 


Principle. This method by Bratton and Marshall (J. Biol. Chem., 1939, 128:537) 
is based on the colorimetric estimation of the amount of purplish-red azo dye formed 
by the coupling of diazotized sulfanilamide with N-(1-naphthyl) ethylenediamine 
dihydrochloride. Since the diazotization depends upon the presence of a free amino 
group, the method may be applied to any sulfonamide derivative in which the amino 
group is free or can be made free by a form of hydrolysis which does not otherwise 
change the compound. 

Reagents. 1. TRICHLOROACETIC AciD SOLUTION. 15 per cent aqueous solution. 

2. SoprumM NITRATE SOLUTION, 0.1 Per Cent. Keeps in the refrigerator for 1 
week. 

3. SAPONIN. 0.5 gm. per liter of distilled water. 

4. AMMONIUM SULFAMATE SOLUTION. 0.5 per cent solution in distilled water. 

5. HyprocHtoric Acip (APPROXIMATELY 4 N). Dilute 340 ml. of concentrated 
hydrochloric acid (sp. gr. 1.19) to 1 liter with distilled water. 

6. CoLoR REAGENT, 0.1 PER CENT. Dissolve 0.1 gm. of N-(1-naphthyl) ethylene- 
diamine dihydrochloride (Eastman or LaMotte) in 100 ml. of distilled water. 

7. STOCK STANDARD SULFANILAMIDE SOLUTION. Transfer 100 mg. to a 500 ml. 
volumetric flask. Add about 400 ml. of water and heat on the water bath until dis- 
solved. Let cool to room temperature and dilute to the mark (1 ml. = 0.2 mg.). Kept 
in the refrigerator, it remains unchanged for several months. 

8. WORKING STANDARDS. Into each of three 100 ml. volumetric flasks add 18 ml. 
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of the trichloroacetic acid solution. Pipet accurately into one flask 1.0 ml. of the stock 
sulfanilamide solution, into the second 2.5 ml. and into the third 5 ml. Add water 
to all flasks to the mark, and mix. The sulfanilamide concentrations are respectively, 
0.02, 0.05 and 0.10 mg. per 10 ml. 

Procedure For Free Sulfanilamide. 1. Place 30 ml. of the saponin solution in an 
Erlenmeyer flask and add 2 ml. of blood. Stand 1 minute for hemolysis. 

2. When laking is complete, add 8 ml. of the trichloroacetic acid solution. Mix and 
filter. 

3. To 10 ml. of filtrate and 10 ml. of each of the three working standards add: 


(a) 1 ml. of the nitrite solution and mix, Stand 3 minutes. 
(6) 1 ml. of the sulfamate solution and mix. Stand 2 minutes. 
(c) 1 ml. of the color reagent and mix. Stand 10 minutes. 


Compare the unknown in the colorimeter with the standard matching it most 
closely. 

Calculation. 1. If the unknown is set at 10, then the sulfanilamide content in 
mg. per cent is: 


0.4 X reading o 5 Suet if the 0.02 mg. standard was used. 
1 x0) x its ce ce 0. 05 iz4 “cc “ iz 3 
2.0 x ce (74 73 (z4 73 0.10 (74 (79 73 ics 


Procedure For Total Sulfanilamide. In a test tube graduated at 10 ml., place 
10 ml. of the trichloroacetic acid filtrate and 0.5 of the 4N hydrochloric acid. Heat in 
boiling water for 1 hour. Cool to room temperature, adjust the volume to the 10 ml. 
mark with water and proceed as for the determination of free sulfanilamide. 

The conjugated sulfanilamide is obtained by subtracting the free from the total. 

Procedure For Sulfanilamide In Urine. 1. Pipet 1 ml. of urine into a 10 ml. 
cylinder, add 1 ml. of 15 per cent trichloroacetic acid, dilute to the 10 ml. mark and 
filter if necessary. 

2. Pipet 2 ml. of filtrate into a 50 ml. volumetric flask, add 2.5 ml. of 4N hydro- 
chloric acid and dilute to the mark with distilled water. 

For free sulfanilamide, 10 ml. of the second dilution is treated exactly as was the 
10 ml. of blood filtrate. 

For total sulfanilamide, 10 ml. of the second dilution is heated for 1 hour without 
further addition of acid and treated as the blood filtrate. 

Calculation. 1. If the unknown is set at 10, then the sulfanilamide content in mg. 


per cent is: 
5.0 * reading of standard, if 0.02 mg. standard was used. 
12 5 x “ Me ce 0.05 ce 3 (<4 (73 
25 x oe (73 “ce “ce 0.10 “ce (73 73 “ 


Notes. 1. While it is somewhat more accurate to determine other sulfonamide 
derivatives by color comparison with standards prepared from the same compound 
administered, the increase in accuracy probably does not justify the maintenance of 
the large numbers of standards that would be involved. Further, it may not be possible 
to obtain the various compounds in sufficient purity for the preparation of standards. 
For clinical work the conversion factors may be employed if sulfanilamide is used as 
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the standard. Obviously it is essential that the laboratory know which drug has been 
administered: 


For sulfapyridine multiply the sulfanilamide result by 1.45 
For sulfathiazole ~ * cs ih sel <48 
For sulfadiazine eS 7 ot OP tee lay, 
For sulfamethylthiazole = ke y en ae AL yi 
For sulfaguanidine 4 # Cee eratlen.5 


The above factors are based on the anhydrous molecular weights, 7.e. the molecu- 

lar weight of sulfanilamide is 172 and that of sulfapyridine is 249 and the conversion 

249 

ie 
compounds as they appear. 

2. Colorimetric comparisons may be made in the photoelectric instrument using a 
1:40 instead of a 1:20 blood dilution, color filter No. 54 and a distilled water zero. 
With well made reagents the blank reading is usually negligible. Use the standard 
containing 0.02 mg. per 10 ml. This will correspond to a concentration of 8 mg. per 

8 


cent 11 a 1:40 dilution’ of blood is used. Dhe factor then is ————__———. this 
reading of standard 


factor is then multiplied by the reading of the unknown to give mg. per cent of 
sulfanilamide in the blood. 

3. Color proportionality in the photoelectric colorimeter is good over a wide range 
and only the one standard need be used. 


factor is = 1.45. This procedure may be followed for such new sulfonamide 


DETERMINATION OF BASAL METABOLIC RATE 


Principle. The rate of absorption of oxygen by the blood from the lungs under 
specified conditions is determined by either the open or the closed method. 

1. OpeN Meruop. The patient inspires ordinary outdoor air and all air that he 
expires during a known period of time is caught in a suitable receptacle and measured. 
A sample is removed and analyzed for oxygen, carbon dioxide, and nitrogen in the 
Haldane-Henderson gas analysis apparatus, and the oxygen absorption and carbon 
dioxide excretion of the patient is calculated. For this method, which requires training 
in gas analysis, see Peters and Van Slyke.* 

2. CLoseD MeEtuHop. The patient breathes into and out of a container of oxygen 
in which the carbon dioxide he produces is absorbed, either for a fixed length of time, 
during which the decrease in volume of oxygen is noted (Benedict-Roth and Sanborn 
apparatuses), or during the absorption of a fixed volume, one liter, of oxygen, for 
which the time required is noted (Jones apparatus). From the rate of absorption of 
oxygen, the rate of heat production per hour is determined, and compared with that 
of a normal individual of the same biometric measurements. The percentage variation 
from the latter is called the basal metabolic rate. 

Materials. Apparatus. Closed circuit respiration apparatus, with mouthpiece 
(sterilized by boiling), nose clip, thermometer, kymograph with recording paper and 
ink. Bed, couch, stretcher, or other object upon which patient may recline comfortably. 
Watch. Clinical thermometer. Barometer calibrated in millimeters. Scales for weighing 
patient. Measuring device for obtaining his height. 

CHEMICALS. Soda lime, oxygen, pure, in compression cylinder. 

Procedure. If the patient is in the hospital he is given a light supper the night 
before the determination; is given no breakfast; is kept in bed; is taken to the 
metabolism station on a stretcher, and is given absolute rest for a 1% hour before the 
determination. An out-patient is told to eat a light supper at least 12 or 14 hours 
before the test; to eat nothing after this meal; to get a good night of rest; to eat no 
breakfast; and to dress and come to the laboratory in a leisurely manner, riding if 
possible. He must not exert himself. Upon arrival he is given absolute rest for 30 or 
40 minutes before the test. 

Wrap recording paper tightly around kymograph drum and paste in place either 
with a gummed strip or with paper stickers. Fill recording pen with ink. 

By means of rubber tube, connect oxygen compression cylinder to the petcock on 
the apparatus for introducing oxygen gas. Admit oxygen into apparatus until pen 
is within a few centimeters of the edge of the paper drum. Shut valve on oxygen tank 


* Quantitative Clinical Chemistry, Baltimore, William and Wilkins Co. 
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and petcock on apparatus. Connect patient with mouthpiece of apparatus and start 
motor. Adjust nose clip. Start kymograph revolving. Record temperature of gas in 
apparatus, and pulse of patient. At the end of 8 minutes remove nose clip and mouth- 
piece from patient. Stop motor and kymograph. Record temperature of gas in appara- 
tus. Record barometric pressure. Determine patient’s nude weight and his temperature. 
Record sex of patient. Record his age in years to nearest birthday. 

Calculation. Companies manufacturing apparatus supply direction booklets and 
tables for making calculations. In case a check on calculations is desired, the apparent 
volume of oxygen used by the patient can be converted to the true volume of dry gas 
at 0° C. and 760 mm. pressure by multiplying by a factor F. The difference in the 
volume of gas in the spirometer at the beginning of the period (usually 8 minutes) 
and at the end in the volume of oxygen consumed V, at the temperature t° C. at the 
barometric pressure B, and during time M. The corrected volume V (0°, 760 mm.) is: 


B 273 


Ni era areamrg 


x V, 


The temperatures of the oxygen at the beginning and at the end of the test are 
averaged if the gas changes temperature. Correct the observed barometric pressure 
by subtracting the scale error and water vapor pressure at t° C. to obtain the cor- 
rected barometric pressure, B (Peters and Van Slyke, Vol. II, page 163). 

B 213, 


The factor F = 760 a Ao Cae 73 


uncorrected barometric pressure and temperature from the table on page 129 in Peters 
and Van Slyke. 

The assumption is made that under basal conditions the respiratory quotient is 0.82. 
At this R.Q. the consumption of 1000 ml. (0°, 760 mm.) of oxygen produces 4.825 
calories of heat. Consequently the hourly heat production of the patient is: 


can be obtained directly from the observed, 


a x os X 4.825 = Observed calories per hour. 

The observed calories per hour are divided by the patient’s surface area in square 
meters to obtain his observed basal metabolic rate (BMR) in calories per square meter 
per hour. The normal basal metabolic rate for a person according to age and sex is 
obtained from tables usually furnished by the manufacturer of the apparatus or can 
be obtained from Peters and Van Slyke, (Volume II, page 209). The average basal 
metabolic rate for normal adults (between 30 and 40 years) is 39.5 calories for males 
and 36.5 calories for females. 

Basal metabolic rates are expressed as deviations in percentage of the patient’s 
basal metabolic rate from the average normal: 


observed B.M.R. — normal B.M.R. 
normal B.M.R. 


< 100 = percentage value. 
For example, if a patient who should have generated 39.5 calories per square meter 
per hour, produces 32.2 calories, the B.M.R. is as follows: 


Se, — SS) 
39.5 


xX 100 = —18.5 per cent. 
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Notes. 1. It is advisable in case the patient has never had a basal metabolic rate 
determination to make a practice run to accustom him to the procedure. This run 
may be made in the afternoon. Its results are of course discarded. 

2. For accurate results the patient must be completely relaxed, and must make 
no movements during the determination. 

3. The patient’s temperature should be noted, as the metabolic rate rises about 
6 per cent with each degree Fahrenheit of fever. 

4. A basal metabolic rate between — 10 and + 15 cannot be considered definitely 
pathologic. 

5. The determination of basal metabolic rate is of clinical value principally in 
diagnosing and following the effect of treatment (surgical, radiologic, or medical) of 
disorders of the thyroid gland. In hyperthyroidism the rate is above normal; in hypo- 
thyroidism the rate is below normal. Determinations may also be of value in disorders 
of some of the other glands of internal secretion. 

6. For a measure of thyroid function the determination of protein-bound iodine 
in the blood may be preferred to the determination of the basal metabolic rate. The 
former, however, requires considerable skill and time. 
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METHODS FOR CHEMICAL EXAMINATIONS OF 
MILK AND: DIABETIC FOODS 


Ordinarily milk examinations are made to determine the nutritive value and this 
information is obtained by estimating the specific gravity, total solids, ash, fat, protein, 
and lactose. 

When foreign ingredients or adulterants are present in milk, special methods are 
employed to detect them. 


COLLECTION OF COW'S MILK 


1. Great care is necessary to secure a homogeneous sample. In the case of bottled 
milk, collect one or more bottles as prepared for sale. In sampling bulk milk, thoroughly 
mix by pouring from one clean vessel into another 3 or 4 times. If this procedure is 
impracticable, thoroughly stir the milk for at least 1% minute with a suitable appliance 
long enough to reach to the bottom of the container. If cream has formed on the milk, 
continue the mixing until all cream is detached from the sides of the vessel and evenly 
emulsified throughout the liquid. 

2. Place the samples in nonabsorbent, airtight containers and keep them in the 
cold, but at a temperature above freezing, until ready for examination. When trans- 
ported by mail, express, or otherwise, the containers should be completely filled, tightly 
stoppered, and marked for identification. A necessary quantity of preservative (cor- 
rosive sublimate, potassium dichromate, or formaldehyde) may be used, except where 
the presence of the preservative may be objectionable in connection with physical or 
chemical tests to be applied in addition to the determination of fat. 

3. The quantity of sample required will depend upon the number of determina- 
tions to be made. For the usual analysis collect 250 to 500 ml. (% to 1 pint) of sample; 
for the fat determination only, 50 to 60 ml. (approximately 2 fluid ounces) will suffice. 

4. Before withdrawing portions for analytical determinations, bring the sample to 
a temperature of 15° to 20° C. and mix thoroughly by pouring into a clean receptacle 
and back until a homogeneous mixture is assured. If lumps of cream do not completely 
disappear, warm the sample to about 38° C., mix thoroughly, then cool to 15° to 20° C. 
In case a measured volume is required in a determination, bring the temperature of 
the sample to 20° C. before pipetting. 


DETERMINATION OF SPECIFIC GRAVITY OF COW'S MILK 


This is most readily obtained with the aid of a hydrometer, accurately graduated 
within the limits of the widest possible variation in the specific gravity of milk. 
Hydrometers for special use with milk are known as lactometers. They usually have 
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a thermometer combined with them and the readings should be made at the tempera- 
ture specified on the lactometer (usually 60° F., 15.6° C.) by immersing the cylinder 
containing the milk in tap water. The specific gravity of milk is raised by the nonfat 
solids and lowered by the fat. The specific gravity of milk varies, the average being 
1.032. 


DETERMINATION OF TOTAL SOLIDS OF COW'S MILK 


A platinum dish is desirable; if not available, a porcelain or aluminum dish may 
be used. 

1. Weigh dish on the analytical balance. 

2. Add about 5 ml. of the thoroughly mixed sample of milk and weigh again to 
milligrams. This weighing should be done as rapidly as possible to avoid inaccuracies 
due to evaporation. 

3. Place dish on a hot water bath until dry (about 2 hours) and then for about 
10 minutes in a hot air oven (100° to 105° C.). 

4. Cool to room temperature in a desiccator and weigh. 

5. Multiply the weight of the residue by 100 and divide by the weight of the 
sample taken to obtain the per cent of total solids in the milk. 

Nore. Prolonged heating in the drying oven should be avoided as this tends to 
produce decomposition. This is indicated by the formation of a brownish color. The 
residue should be nearly pure white. 


DETERMINATION OF ASH OF COW'S MILK 


1. The previously mentioned dish containing the milk residue is placed on a triangle 
supported on a ring stand and ignited at a dull red heat by means of a bunsen burner 
until a perfectly white ash is obtained. 

2. Cool in a desiccator to room temperature and weigh. 

3. Multiply the weight of the residue by 100 and divide by the weight of the 
original sample to obtain the per cent of ash in the milk. 


DETERMINATION OF FAT OF COW'S MILK 

Principle. In the Babcock method strong sulfuric acid is added to the milk to 
dissolve the serum solids and set free the fat from its emulsion. The fat is then per- 
mitted to rise into the graduated neck of a Babcock bottle and the percentage read 
directly. 

Reagent and Apparatus. 1. ComMERCIAL CONCENTRATED SuLFuRIc Acrp. With 
a specific gravity of 1.82 to 1.83 at 20° C. 

2. SpecraL Bascock Mik Prpet. (Fig. 377) Graduated to deliver 17.5 ml. but 
which holds 17.6 ml. to the graduation mark, the extra 0.1 ml. being allowed for the 
milk which clings to the walls. 

3. STANDARD Bascock Test Bort te. (Fig. 378). 

4. Aco Measure. (Fig. 379) Graduated to hold 17.5 ml. 

5. CENTRIFUGE FOR THE Bascock BoTrTLes. Special trunnion cups may be pur- 
chased for use from the International Centrifuge Company. 

Procedure. 1. Transfer 17.6 ml. (equivalent to 18 gm.) of well-mixed milk to a 
milk test bottle by means of the special pipet. The milk remaining in the pipet tip is 
blown out. 
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2. Add 17.5 ml. of sulfuric acid, preferably not all at one time, pouring it down 
the side of the neck of the bottle in such a way as to wash any traces of the milk into 
the bulb. The temperature of the acid should be about 15° to 20° C. 

3. Mix by rotation until all traces of curd have disappeared and then transfer the 
bottle to the centrifuge. Counterbalance and, after the proper speed has been attained, 
whirl 5 minutes. 

4. Add soft water at 60° C., or above, until the bulb of the bottle is filled. 

5. Whirl 2 minutes. 

6. Add hot water until the liquid column approaches the top graduation of the 
scale. 


Fig. 377. Spe- Fig. 378. Bab- Fig. 379. Acid Fig. 380. 

cial Babcock cock milk test measure for Cream test 

milk pipet. bottle. the Babcock bottle. 
method. 


7. Whirl 1 minute longer at a temperature of 55° to 60° C. Transfer the bottle 
to the warm water bath maintained at a temperature of 55° to 60° C., immerse to 
the level of the top of the fat column, and leave it there until the column is in 
equilibrium and the lower fat surface has assumed a final form. 

8. Remove the bottle from the bath; wipe it; and measure the fat column, in terms 
of percentage by weight, from its lower surface to the highest point of the upper 
meniscus. 

9. The fat column, at the time of measurement, should be translucent, of a golden 
yellow or amber color, and free from visible suspended particles. Reject all tests in 
which the fat column contains milk or shows the presence of curd or of charred matter, 
or in which the reading is indistinct or uncertain. 

Estimation of Fat in Cream. 1. Because of variation in specific gravity of cream 
and its high viscosity, 18 gm. samples can be accurately taken only by weighing, but 
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with cream containing between 20 and 30 per cent fat the sample is sufficiently accurate 
for routine work by measuring 18 ml. of cream with a special pipet. Use the special 
cream test bottle shown in Figure 380. 

2. Proceed as with milk except that readings are made at the bottom of the upper 
meniscus. Liquid petrolatum added will flatten out the meniscus and make the reading 
easier. 

Notes. 1. In adding the acid, the test bottle is conveniently held at an angle so 
that the acid will run down the wall of the bottle and not in a small stream into the 
center of the milk, the bottle being slowly turned around clears the neck of adhering 
milk. The milk and the acid in the test bottle should be in two distinct layers with- 
out much of a black band of partially mixed liquids between them. Such a dark 
layer is often followed by an indistinct separation of the fat in the final reading. The 
cause of this may be that a partial mixture of acid and milk before the acid is diluted 
with the water of the milk will bring about too strong an action of the acid in this 
small portion of the milk, and thus char the fat contained therein. The appearance of 
black flocculent matter in or below the column of fat renders a correct measurement 
difficult and at times even impossible; if the black specks occur in the fat column itself, 
the readings are apt to be too high; if below it, the difficulty comes in deciding where 
the column of fat begins. 

2. The acid should be carefully mixed with the milk by giving the test bottle a 
rotary motion. In doing this care should be taken that the liquid is not shaken into the 
neck of the test bottle. When once begun the mixing should be continued until com- 
pleted; a partial and interrupted mixing of the liquids will often cause more or less 
black material to separate with the fat when the test is finished. Clots of curd which 
separate at first by the action of the acid on the milk must be entirely dissolved by 
continued and careful shaking. 


DETERMINATION OF TOTAL NITROGEN (PROTEINS) OF COW'S MILK 


Principle. Organic compounds are oxidized and the nitrogen converted into am- 
monia which is distilled off into a standard acid solution and titrated with standard 
alkali solution. 

Procedure. 1. Place 5 gm. of the milk, weighed accurately, in a 500 ml. Kjeldahl 
digestion flask. 

2. Add approximately 0.7 gm. of mercuric oxide, or 0.1 gm. of crystallized copper 
sulfate, 10 gm. of potassium sulfate (or 10 gm. of anhydrous sodium sulfate) and 
25 to 30 m. of sulfuric acid, specific gravity 1.84. 

3. Place the flask in an inclined position and heat below the boiling point of the 
acid until frothing has ceased. (A small piece of paraffin may be added to prevent 
extreme frothing.) Then increase the heat until the acid boils briskly and digest for a 
time after the mixture is colorless or nearly so, or until oxidation is complete (Fig. 381). 

4. Cool, dilute with about 200 ml. of distilled water, cool again, add a few pieces 
of granulated zinc or pumice stone, if necessary to prevent bumping, and 25 ml. of a 
4 per cent solution of potassium sulfide with shaking. (When no mercury or mercuric 
oxide is used the addition of the potassium sulfide solution is unnecessary.) 

5. Next add sufficient saturated solution of sodium hydroxide free from nitrate, 
to make the reaction strongly alkaline (50 ml. are usually enough), pouring it down 
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the side of the flask slowly and carefully so that it does not mix at once with the acid 
solution. 

6. Connect the flask by means of a Kjeldahl connecting bulb with a condenser 
(Fig. 382), mix the contents of the flask by shaking, and distill until all ammonia has 
passed over into 50 ml. of standard N/10 hydrochloric or sulfuric acid. The first 
150 ml. of the distillate will generally contain all the ammonia. 

7. Titrate with N/10 standard alkali solution, using methyl red or cochineal solu- 
tion as indicator. 

8. Multiply the percentage of nitrogen by 6.38 to obtain the equivalent percentage 
to be reported as milk protein. : 

Calculation. 


50 — ml. N/10 sodium hydroxide — ml. blank & 0.14 


—= per cent total nitrogen 


weight of sample 


Fig. 381. Support for Kjeldahl Fig. 382. Apparatus for the 
digestion. distillation of ammonia for 
nitrogen determination. 


Notes. 1. Determinations are to be made in duplicate and blanks are to be run, 
using about 1 gm. of cane sugar instead of the unknown. Sugar aids in the reduction 
of any nitrates that may be present in the reagents. 

2. The flame of the burner should strike only the portion of the flask below the 
level of the acid. Sheet iron or asbestos board with a hole in it serves well as a support. 

3. The Kjeldahl flask should be fitted with a rubber stopper through which passes 
the lower end of a Kjeldahl connecting trap bulb to prevent sodium hydroxide being 
carried over mechanically during the distillation. The bulb should be about 3 centi- 
meters in diameter and the tubes should be of the same diameter as the condenser tube 
with which the upper end of the bulb is connected by means of rubber tubing. A piece 
of glass tubing about 12 centimeters long of the same diameter as the condenser tubing 
is attached to the lower end of the condenser by means of rubber tubing and should 
reach nearly to the bottom of the Erlenmeyer flask. This delivery tube is capable of 
being detached from the condenser for purposes of rinsing. It is preferable that the 
distilling system be made of Pyrex glass. 
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DETERMINATION OF CASEIN OF COW'S MILK 


1. This determination should be made while the milk is fresh, or nearly so. When 
it is not practicable to make this determination within 24 hours, add 1 part of formal- 
dehyde to 2500 parts of milk and keep in a cool place. 

2. Place 10 gm. of the sample in a beaker with 90 ml. of water at 40° to 42° C. 
and add at once 1.5 ml. of dilute acetic acid (1 + 9). Stir, and let stand 3 to 5 minutes. 

3. Decant on a filter, wash by decantation two or three times with cold water, and 
transfer the precipitate to the filter. Wash once or twice on the filter. 

4, The filtrate should be clear, or very nearly so. If the first portions of the filtrate 
are not clear, repeat the filtration, after which complete the washing of the precipitate. 

5. Transfer without loss to a Kjeldahl flask and determine nitrogen in the washed 
precipitate and filter paper as just described for total nitrogen. Multiply by 6.38 to 
obtain the equivalent of casein. 

6. To a sample of milk that has been preserved, the acetic acid should be added 
in small portions, a few drops at a time, with stirring, and the addition should be 
continued until the liquid above the precipitate becomes clear, or very nearly so. 


DETERMINATION OF LACTOSE OF COW'S MILK 

Principle. The reducing action of the clarified milk is measured by a definite 
amount of Fehling’s solution. 

Reagents. FEHLING’s CoPpPER SOLUTION. 34.639 gm. C.P. copper sulfate are 
dissolved in distilled water in a 500 ml. volumetric flask and the solution is then diluted 
to the mark. 

FEHLING’s ALKALINE TARTRATE SOLUTION. 173 gm. Rochelle salts and 50 gm. 
sodium hydroxide are dissolved in distilled water and diluted to 500 ml. 

Procedure. 1. Place 25 gm. milk in a 250 ml. flask, add 0.5 ml. of 30 per cent 
acetic acid and shake well. After standing a few minutes about 100 ml. of boiling 
distilled water are run in, the flask shaken and 25 ml. of alumina cream added. Let 
stand about 10 minutes. Pour through a ribbed filter paper, catching filtrate in a 
250 ml. volumetric flask. Wash the precipitate thoroughly, allowing the washings to 
run into the volumetric flask which is then filled to the mark. The filtrate should be 
perfectly clear. 

2. Filla 50 ml. buret to the mark with this filtrate. 

3. In a 250 ml. porcelain casserole place exactly 5 ml. each of the two Fehling’s 
solutions. Add about 40 ml. of distilled water and heat to boiling. 

4. While still boiling add the milk filtrate from the buret, a small portion at a 
time until all the copper is reduced. This is indicated by a gradual color change from 
deep blue through green to dull red. The first appearance of this color is the end point. 

5. Note from buret the volume of milk filtrate used. 

Calculation. Ten ml. of the Fehling’s mixture is equal to 0.067 gm. of lactose. 
The milk filtrate represents a tenfold dilution of the milk so that 0.067 multiplied 
by 10 and divided by the volume of filtrate used represents the per cent of lactose 
in the milk. 

Notes. 1. Practice will soon enable the eye to judge the end point quite definitely. 

2. The sugar-containing solution may be added quite rapidly until the solution 
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becomes pale green, when the solution should be added cautiously, a few drops at a 
time. 


DETECTION OF PRESERVATIVES IN COW'S MILK 


Phenylhydrazin Test for Formaldehyde. 1. To a portion of the sample add an 
equal volume of strong alcohol, shake and filter from any insoluble matter. 

2. To 5 ml. of the filtrate add 0.03 gm. of phenylhydrazin hydrochloride and 
4 or 5 drops of a 1 per cent ferric chloride solution. 

3. Mix, add slowly with agitation, in a bath of cold water to prevent heating the 
liquid, 1 to 2 ml. of concentrated sulfuric acid. 

4. Dissolve the precipitate by the addition of either concentrated sulfuric acid 
(keeping the mixture cool) or alcohol. In presence of formaldehyde a red color 
develops. 

Ferric Chloride Test for Salicylic Acid. 1. Acidify 100 ml. of the milk with 
5 ml. of hydrochloric acid (1 + 3), shake until curdled, filter, and extract with 50 to 
100 ml. of ether. 

2. Wash the ether layer with two 5 ml. portions of water, evaporate the greater 
portion of the ether in a porcelain dish on a steam bath, allow the remainder to 
evaporate spontaneously, and add a drop of 0.5 per cent ferric chloride solution. 

3. A violet color indicates the presence of salicylic acid. 

Test for Benzoic Acid. 1. Acidify, filter, and extract a 100 ml. portion of the 
milk with ether as directed for salicylic acid. If benzoic acid is present in considerable 
quantity, it will crystallize from the ether in shining leaflets having a characteristic 
odor on heating. 

2. Dissolve the residue in hot water, divide into 2 portions, and test as directed 
later. The residue may also be purified by sublimation and the melting point de- 
termined. 

(a) Make the solution alkaline with ammonium hydroxide, expel the excess of 
ammonia by evaporation, dissolve the residue in water, and add a few drops of a 
neutral 0.5 per cent ferric chloride solution. A brownish precipitate of ferric benzoate 
indicates the presence of benzoic acid. 

(b) Add to the water portion 1 or 2 drops of a 10 per cent solution of sodium 
hydroxide and evaporate to dryness. To the residue add 5 to 10 drops of concentrated 
sulfuric acid and a small crystal of potassium nitrate. Heat for 10 minutes in a 
glycerol bath at 120° to 130° C., or for 20 minutes in a boiling water bath. The tem- 
perature must not exceed 130° C. After cooling add 1 ml. of water and make distinctly 
ammoniacal; boil the solution to decompose any ammonium nitrate that may have 
been formed. Cool and add a drop of fresh, colorless ammonium sulfide, without 
allowing the layers to mix. A red-brown ring indicates benzoic acid. On thorough 
mixing, the color readily diffuses through the whole liquid and, on heating, gradually 
and finally changes to greenish-yellow. This differentiates benzoic acid from salicylic 
acid or cinnamic acid. The last two form colored compounds, which are not destroyed 
by heating. 

Test for Borax and Boric Acid. 1. Immerse a strip of turmeric paper in the 
sample acidified with hydrochloric acid in the proportion of 7 ml. of strong acid to 
each 100 ml. of sample and allow the paper to dry spontaneously. 


COLLECTION AND ANALYSIS OF HUMAN MILK 1063 


2. If borax or boric acid is present, the paper will acquire a characteristic red 
color, changed by ammonium hydroxide to a dark blue-green, but restored by acid. 


COLLECTION AND ANALYSES OF HUMAN MILK 


Collection. There are 2 methods of obtaining samples of breast milk for analysis: 

1. Express all the milk from 1 breast and mix thoroughly. 

2. Draw 1 ounce of milk before nursing and 1 ounce after nursing. Mix the 
2 samples thoroughly. The best time for obtaining samples is 9 to 10 a.m. 

Determination of Specific Gravity. Determined most conveniently by means of 
a Soxhlet, Veith or Quevenne lactometer at 60° F. The lactometer reading is corrected 
by adding 0.0001 for every degree F. above 60° and subtracting 0.0001 for every 
degree F. below this temperature. 

Determination of Percentage of Fat. This is essentially a modification of the 
Babcock test previously described except that a smaller bottle is employed (Fig. 383) ; 
the technic is practically the same. Otherwise the regular Babcock 
bottle and method are to be preferred if sufficient sample is available. 

1. By means of a special narrow pipet, introduce milk up to the 
5 ml. mark. 

2. Add sufficient commercial sulfuric acid (specific gravity 1.83) 
to fill the body of the tube and rotate to secure a homogeneous 
mixture. 

Fill the neck of the tube with a mixture consisting of equal vol- 
umes of amyl alcohol and concentrated hydrochloric acid and centri- 
fuge for 2 minutes, continue as described before. 

4. The fat collects in a column in the upper part of the acid 
alcohol mixture and the percentage is read off directly on the gradu- 
ated stem. 

Determination of Total Solids. 1. Introduce 2 to 5 gm. of milk 
into a weighed flat-bottomed platinum dish and quickly ascertain 
the weight to milligrams. 

2. Carefully expel most of the water by heating in a water bath 
and heat for about 5 minutes in an oven regulated to a temperature 
between 100° and 105° C. Cool and weigh. 

3. Divide the weight of the residue in grams by the weight of the _ 

: f " Fig. 383. Babcock 
milk used. Multiply the result by 100 to give the per cent of total aot eat 
solids in the milk. human milk. 

Determination of Ash. 1. Heat the dry solids just obtained over 
a low flame (care should be taken that the dish is not heated above dull redness) until 
a white or light gray ash is obtained. 

2. Cool the dish in a desiccator and weigh. 

3. Divide the weight of the ash by the weight of the original milk taken for total 
solids and multiply by 100 to obtain the per cent of ash in the milk. 

Determination of Total Nitrogen (Proteins). 1. Introduce 5 gm. of milk into 
a 500 ml. Kjeldahl flask and carry out the nitrogen determination as described for 
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cow’s milk. 
2. Multiply the per cent of nitrogen by the factor 6.37 to obtain the protein 


content of the milk. 
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Determination of Lactose. 1. Introduce 1 ml. of milk into a 100 ml. volumetric 
flask. 

2. Add 2 ml. of 10 per cent sodium tungstate. 

3. Add gradually 2 ml. of two-thirds normal sulfuric acid or 16 ml. of N/12 acid, 
mix well and let stand 5 minutes. 

4, Dilute to the mark, mix and filter. 

5. Into a Folin-Wu sugar tube introduce 1 ml. of the filtrate and add 1 ml. of 
distilled water. Into another tube place 2 ml. of standard lactose solution. Add 2 ml. of 
the Folin-Wu alkaline copper reagent (page 985) to each tube and heat in boiling 
water for 8 minutes. Cool and add 2 ml. of phosphomolybdic reagent to each tube. 
Dilute to 25 ml. mark and compare in colorimeter. 

6. Calculate as follows: 


. x 0.6 X = x sa = per cent lactose = - = per cent lactose 
7. For the standard lactose solution, prepare a stock lactose solution by dissolving 
1 gm. of lactose (weighed on an analytical balance) in 0.2 per cent benzoic acid and 
making up to 100 ml. in a volumetric flask. The working standard is prepared by 
diluting 3 ml. of this stock solution in a 100 ml. volumetric flask to the mark with 0.02 
per cent benzoic acid. Two ml. of this solution equal 0.6 milligram lactose. 


ANALYSES OF DIABETIC FOODS 


Preparation of Sample. Grind sufficiently fine in a mortar or mill to pass through 
a 1 millimeter sieve. Preserve in a sealed container to prevent moisture changes. 

Detection of Starch. Starch is best detected, when present to any appreciable 
extent in any mixture, by boiling a portion of the sample in water, cooling and apply- 
ing a solution of iodine. A characteristic blue color appears if starch is present. Very 
small amounts of starch are best identified by adding iodine solution to powder on a 
microscopic slide, or better, to the powder previously rubbed with water on a slide 
under a coverglass; the starch granules, if present, will be colored intensely blue by 
the iodine, and are at once rendered apparent when viewed through the microscope. 

Estimation of Moisture. Weigh accurately 2 to 3 gm. of foodstuffs on a tared 
watch glass and dry to constant weight in an oven at 105° to 106° C. This requires 
about 4 hours. The loss in weight represents moisture. 

Estimation of Ash. Follow the procedure for determining the ash of human milk. 

Estimation of Protein. Determine the total nitrogen of a 1 gm. sample according 
to the procedure given for the total nitrogen of milk. Calculate the protein by multiply- 
ing the total nitrogen by the appropriate factor which varies with different cereals as 
follows: wheat, 5.70; rye, 5.62; oats, 6.31; corn, 6.39; and barley, 5.82. If the sample 
represents a mixture of various grains the conventional factor 6.25 is employed. 

Estimation of Fat. Heat on a boiling water bath for 90 minutes 5 gm. of the 
sample in a 200 ml. flask with 50 ml. of distilled water and 2 ml. of 25 per cent hydro- 
chloric acid (specific gravity 1.125). Cool, nearly neutralize with 40 per cent sodium 
hydroxide (using 0.04 per cent methyl orange as indicator) and filter. Transfer contents 
to a filter paper and wash with hot water. Dry filter and contents in oven at 105° C. 
and transfer to extraction thimble of Soxhlet extractor. Extract with ether for 16 hours, 
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transfer the extract to a weighed beaker, evaporate the ether on the water bath and 
dry to constant weight in the oven. This increase in weight represents the fat. 

Estimation of Starch, Glucose and Dextrin. 1. Extract 4 to 5 gm. of the fine 
powder (accurately weighed) on a hardened filter paper with five successive 10 ml. 
portions of ether. 

2. Wash the powder into a beaker with 50 ml. of water. 

3. Immerse the beaker in a boiling water bath for 15 minutes or until all the starch 
is gelatinized. 

4. Cool to 55° C. 

5. Add 20 ml. of a fresh 0.5 per cent aqueous solution of U.S.P. pancreatin. 

6. Digest at 55° C. for 1 hour. 

7. Heat again to boiling for a few minutes to gelatinize the remaining starch 
granules. 

8. Cool to 55° C. and redigest at this temperature with another 20 ml. portion of 
pancreatin solution for 1 hour or until the residue treated with iodine gives no test 
for starch. 

9. Cool, make up to 250° C. and filter. 

10. Place 200 ml. of the filtrate into a flask, add 20 ml. of dilute hydrochloric acid 
(specific gravity 1.125; made by adding 2 volumes of water to 5 volumes of concen- 
trated acid) connect with a reflux condenser and heat in boiling water bath for 2% 
hours. 

11. Cool, nearly neutralize with 10 per cent sodium hydroxide, finish the neutral- 
ization with sodium carbonate and dilute to 500 ml. 

12. Mix the solution, pour through a dry filter and determine the dextrose in an 
aliquot part according to Benedict’s method for sugar in urine. 

CALCULATION. The amount of glucose found multiplied by 0.9 gives the amount of 
starch. This amount multiplied by the aliquot part taken and the 2 dilutions gives the 
starch in the original sample from which the percentage may then be calculated. 
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METHODS OF EXAMINATIONS FOR VITAMINS 
IN BLOOD AND URINE 


DETERMINATION OF BETA-CAROTENE AND VITAMIN A 
IN THE BLOOD 


Principle. In this modified colorimetric method of Pett and LePage (J. Biol. Chem., 
1940, 132:585) the serum is treated with alcohol, extracted with petroleum ether and 
the amount of yellow color, measured in the photoelectric colorimeter, is calculated to 
beta-carotene. The petroleum ether extracted material is then treated with antimony 
trichloride solution, the blue color measured in the photoelectric colorimeter and 
equivalent vitamin A calculated after correcting for the color production due to 
beta-carotene. 

Reagents. ALCOHOL, 95 PER CENT. 

PETROLEUM ETHER, B.P., 35° To 60° C. 

CHLOROFORM. Reagent chloroform is dried over anhydrous potassium carbonate 
and distilled in an all glass still under reduced pressure at 30° to 35° C., the first 
25 ml. of the distillate being discarded. 

ANTIMONY TRICHLORIDE SOLUTION. Place 22 gm. of pure, fresh reagent antimony 
trichloride in a 100 ml. glass stoppered cylinder. Add the dry, redistilled chloroform 
to the 100 ml. mark and shake at intervals. Complete solution takes place in about 
24 hours. Protect from light. 

ARTIFICIAL BETA-CAROTENE STANDARD. Dissolve 200 mg. of potassium dichromate 
in distilled water, transfer to a 1 liter volumetric flask and dilute to the mark. The 
color is equivalent to 5.6 micrograms of beta-carotene per 5 ml. of petroleum ether 
extract. 

ARTIFICIAL VITAMIN A STANDARD. Prepare an accurate 5 per cent solution of 
copper sulfate. The color is equivalent to 9.2 international units of vitamin A per 
5 ml. of solution. 

Procedure for Carotinoids. 1. Place 5 ml. of serum in a test tube of about 30 ml. 
capacity, add 5 ml. of alcohol and 10 ml. of petroleum ether, stopper the tube and 
shake thoroughly for at least 5 minutes. Remove the stopper, cap the tube and 
centrifuge. 

2. Pipet the clear ether layer into a Klett-Summerson colorimeter tube graduated 
at 5 ml. and reduce the volume to the mark by means of gentle warming and a current 
of air. 

3. Stopper the tube and read in the colorimeter using light filter No. 44 and a 
petroleum ether zero setting. 

4. Determine the colorimeter reading of the standard dichromate solution using 
the same color filter bu! with a distilled water zero setting. 
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U2 
reading of standard 
carotene in micrograms per 100 ml. of serum. 

Procedure for Vitamin A. 1. Replace color filter No. 44 with filter No. 62 and 
adjust the zero setting with a tube of antimony trichloride solution. 

2. Place the colorimeter tube containing the petroleum ether extract in a water 
bath at 50° C. and evaporate the solvent completely with the aid of a stream of air. 
Raise the temperature to about 70° C. for a moment or two at the end of the evapo- 
ration. 

3. Dissolve the residue in 0.5 ml. of chloroform and insert the tube in the color- 
imeter. 

4. Using a 5 ml. pipet, with a tip sufficiently large to deliver completely in about 
2 seconds, add 4.5 ml. of the antimony trichloride solution as rapidly as possible. 

5. Read the color value at once as the color produced is evanescent. 

6. Determine the colorimeter reading of the standard copper sulfate solution using 
the same color filter but a distilled water zero setting. 

Calculation: redding of Matdard i nea (= factor) X reading of unknown = vitamin 
A plus beta-carotene in I.U. per 100 ml. of serum. 

Pett and LePage state that 88 micrograms of beta-carotene produce a blue color 
equivalent to 84.1 international units of vitamin A. Therefore, multiply the micrograms 
of beta-carotene previously found for the serum by 0.96 and subtract this result from 
the one just obtained to give the vitamin A content in international units per 100 ml. 

Notes. 1. A more accurate color reading for vitamin A is obtained by using dupli- 
cate samples; the initial reading being made from one sample after which the color- 
imeter tube containing the duplicate sample is inserted without changing the colorim- 
eter setting. The addition of the antimony trichloride reagent to this duplicate sample 
will produce a galvanometer swing that will be nearly balanced by the first reading; 
any loss of color that had been missed in the first reading due to fading is noted in 
the duplicate, the reading of this second sample being taken as the true reading. 

2. Saponification of the serum prior to petroleum ether extraction at times gives 
an increased yield of chromogenic substances. Whether this is actually vitamin A is in 
some doubt and this step has been omitted in the procedure as just described. 

3. Normal vitamin A values range from 40 to 60 international units per 100 mi. 
of blood. Levels below 30 units are indicative of an unsatisfactory nutritional state. 


Calculation: (= factor) reading of unknown = beta- 


DETERMINATION OF THIAMIN IN URINE 


Principle. In this method adapted after that of Hennessy and Cercedo (J. Am. 
Chem. Soc., 1939, 61:179) the thiamin (B,) adsorbed on activated Permutit and 
eluted with potassium chloride, is oxidized by ferricyanide in alkaline medium. The 
resulting thiochrome is extracted with isobutanol and the intensity of the violet-blue 
fluorescence estimated in a fluorocomparator. 

Adsorption Tube. * A glass tube of 7 mm. inside diameter is used. A constriction 
at the lower end holds a plug of glass wool. An enlarged portion is sealed on at the 
upper end for introduction of liquids. 


* May be obtained from E. Machlett and Son, New York City. 
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Reagents. Soprtum HyproxIpE SOLUTION, 15 PER CENT. 

GuaciaL AcETIC ACID. 

PotasstuM CHLORIDE SOLUTION, 25 PER CENT. 

Potassium FERRICYANIDE SOLUTION, 10 PER CENT. 

IsoputyL ALCOHOL, C.P. 

Permutit AcTIVATED. Place 50 gm. of Decalso,* 60 to 80 mesh, in a 500 ml. 
beaker. Add 100 ml. of the 25 per cent solution of potassium chloride and 5 ml. of 
glacial acetic acid. Heat to boiling and boil gently for 30 minutes with constant stirring. 
Allow the powder to settle and decant the supernatant. Repeat this treatment, then 
wash the Permutit on a filter with 2 liters of boiling distilled water. Transfer the moist 
powder to an evaporating dish and dry at 100° C. Keep in a tightly stoppered bottle 
for future use. 

Procedure. 1. Urine for thiamin determinations should be kept in a dark bottle 
preserved with 3 per cent of its volume of glacial acetic acid. 

2. Five gm. of “activated” Permutit is suspended in a little distilled water and 
poured into the adsorption tube. Allow the excess water to drain off. 

3. Heat 10 ml. of the urine to boiling and pour while hot into the adsorption 
column. 

4. When the urine has filtered through, wash the column with 100 ml. of boiling 
distilled water and dry by gentle suction. 

5. Pour 15 ml. of boiling 25 per cent potassium chloride solution into the adsorp- 
tion column at such a rate that the elution process takes a total of at least 10 minutes, 
carefully collecting all of the eluate that appears at the constricted portion of the tube. 

6. Introduce 10 ml. of this eluate into a separatory funnel; add 6 ml. of 15 per cent 
sodium hydroxide, 0.2 ml. of 1 per cent potassium ferricyanide and 5 ml. of isobutyl 
alcohol. 

7. Shake vigorously for 2 minutes and allow the 2 layers to separate. 

8. Drain off and discard the lower watery layer. 

9. Transfer the upper turbid isobutyl alcohol layer to a test tube, cap the tube 
and centrifuge for 5 minutes. 

10. Pipet off 3 or 4 ml. into a standard test tube 1 cm. in diameter and examine 
for fluorescence in a fluorocomparator,+ the fluorescence being matched against a 
series of stable standards. 

Notes. 1. Patients to be tested should not be receiving drugs, since a number of 
drugs cause the appearance of fluorescent substances in urine which may interfere with 
the determination. 

2. The presence of thiochrome fluorescence in a urine specimen obtained after the 
morning voiding, but before breakfast, indicates that the individual is adequately sup- 
plied with thiamin. 

3. While the Permutit in the adsorption column can be reactivated following use, 
it is advisable to use a fresh portion for each determination. 


* May be obtained from The Permutit Company, New York City. 
+ May be obtained from W. A. Taylor and Company, Baltimore, Md. 
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DETERMINATION OF PYRUVIC ACID IN BLOOD AND URINE 


Principle. In this method by Friedemann and Hangen (J. Biol. Chem., 1943, 
147:415) the pyruvic acid is extracted with ethyl acetate and the red color produced 
by the action of 2, 4-dinitrophenylhydrazine on this extract in alkaline solution is 
measured in the photoelectric colorimeter. 

Reagents. TRICHLOROACETIC AcID SOLUTION 10 PER CENT. Prepare at frequent 
intervals and keep in refrigerator when not in use. Old solutions yield increased blanks. 

EtHyt Acetate, C. P., ANHYDROUS. 

SODIUM CARBONATE SOLUTION, 10 PER CENT. 

Sopium HyproxIpE SOLUTION, APPROXIMATELY 1.5 N. 

HybrAZINE REAGENT. Grind 100 mg. of 2, 4-dinitrophenylhydrazine (Eastman) in 
a mortar with increasingly small quantities of approximately 2 N hydrochloric acid 
until 100 ml. have been added. Filter. Keep in refrigerator. 

Pyruvic Actp STANDARD. Pyruvic acid is redistilled in vacuo, the fraction boiling 
at 55° to 60° C. (10 mm. Hg.) is used. Add sufficient sulfuric acid to bring the final 
acidity to approximately 0.1 N. Stored in the refrigerator, it keeps at least 6 months. 

Preparation of Standard Curve. A series of dilutions of pyruvic acid are freshly 
prepared containing from 0.25 to 6 mg. per 100 ml. Five ml. amounts of these dilutions 
are added to 25 ml. portions of the 10 per cent trichloroacetic acid, mixed, and treated 
as follows: 

1. Place 3 ml. portions in 13 by 150 mm. test tubes. 

2. Warm 10 minutes at 25° C., add 1 ml. of the hydrazine reagent, mix, and allow 
to stand at this temperature 5 minutes longer. 

3. Add exactly 8 ml. of ethyl acetate and mix by means of a current of nitrogen or 
air blown in through a capillary pipet for 2 minutes. 

4. Allow the layers to separate, tapping the tube to dislodge any globules of solu- 
tion, and remove and discard the lower aqueous layer by means of the same pipet. 

5. Add exactly 6 ml. of the sodium carbonate solution to the ethyl acetate portion 
and mix by again passing a current of gas through the mixture for 2 minutes using a 
capillary pipet. 

6. Allow the layers to separate and remove and discard most of the ethyl acetate 
layer. 

7. Withdraw 5 ml. of the aqueous layer, wipe the sides and tip of the pipet free 
of adherent ethyl acetate and transfer to a colorimeter tube. 

8. Add exactly 5 ml. of the 1.5 N sodium hydroxide solution and mix. 

9. Using color filter No. 52, read in the colorimeter after 10 minutes against a zero 
prepared from 3 ml. of trichloroacetic acid solution which has been treated exactly as 
the previous standards. 

10. Plot the colorimeter readings against the corresponding pyruvic acid values on 
cross-section paper. 

Collection of Blood. Use a cold 2 ml. tuberculin syringe. Withdraw from the vein 
2 ml. of blood and transfer directly into 10 ml. of cold trichloroacetic acid solution 
contained in a 15 ml. centrifuge tube. Stopper the tube, shake, and after 10 minutes 
separate the protein by centrifuging. 

Collection of Urine. Collect a 24 hour specimen of urine in a cold bottle containing 
5 ml. of concentrated sulfuric acid. Collect single specimens in cold containers to which 
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are added 0.5 of concentrated sulfuric acid for each 100 ml. of urine. Add 2 ml. of 
urine to 10 ml. of the trichloroacetic acid solution and centrifuge if necessary. 

Procedure. Treat 3 ml. of the blood supernatant or 3 ml. of the diluted urine 
exactly as described for the standards, carrying through also a water blank. Calculate 
the pyruvic acid content of the unknown by interpolation from the standard curve. 

Notes. 1. If it is inconvenient to take the blood specimen as outlined, it is possible 
to prevent loss of pyruvic acid by preserving with iodoacetic acid as follows: a solution 
of 50 per cent iodoacetic acid in distilled water is adjusted to pH 7.8 with sodium 
hydroxide and diluted with sufficient water to make a 25 per cent solution. Transfer 
0.1 ml. of this solution to a bottle containing 20 mg. of oxalate. This is sufficient to 
preserve about 5 ml. of blood. In either case blood should be collected with a rainimum 
of stasis and the patient should not be directed to open and close the hand in order 
to distend the vein. A warm syringe should not be used. 

2. Normal blood contains about 1 mg. per cent of pyruvic acid. Normal urine may 
contain up to about 2 mg. per cent. 

3. Blood pyruvic acid is increased (to about 3 mg. per cent) in thiamin deficiency. 


DETERMINATION OF RIBOFLAVIN IN URINE 


Principle. In this method of Najjar (J. Biol. Chem., 1941, 141:355) the fluores- 
cent compound formed from riboflavin by the action of pyridine in acid solution is 
extracted with normal butanol and estimated in a fluorocomparator.* 

Reagents. Acetic Acip, GLACIAL. 

PyrRIDIN_E, C.P. 

PotasstumM PERMANGANATE SOLUTION, 4 PER CENT. 

HYDROGEN PEROXIDE SOLUTION, 3 PER CENT. 

SopIuM SULFATE, ANHYDROUS. 

Norma Buty. ALcoHoL, C.P. 

Procedure. 1. Urine for riboflavin determinations must be kept in dark bottles, 
preserved with about 3 per cent of its volume of glacial acetic acid; throughout the 
manipulations exposure to light should be avoided as far as possible. 

2. The quantity of urine taken for analysis should be 5 ml. if a deficiency is sus- 
pected; normally 5 ml. of a 1:5 dilution is used. 

3. In a 25 ml. glass-stoppered cylinder place 5 ml. of diluted or undiluted urine; 
add 1 ml. of glacial acetic acid and 1 ml. of pyridine. Stopper the cylinder and shake 
vigorously. 

4, Add 2 drops of 4 per cent permanganate for each ml. of undiluted urine used. 
Let stand 2 minutes. 

5. Add sufficient 3 per cent peroxide to decolorize the solution. 

6. Add 1 gm. of anhydrous sodium sulfate for each ml. of undiluted urine used 
and then 5 ml. of the N butanol. Stopper the cylinder and shake vigorously for 2 
minutes. 

7. Transfer to a centrifuge tube, cap the tube, and centrifuge at low speed for 
10 minutes to separate the layers. 

8. Pipet about 4 ml. of the clear pyridine butanol layer into a standard comparator 
tube. 


* May be obtained from W. A. Taylor and Company, Baltimore, Md. 
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9. Matca the fluorescence against the riboflavin standards in the fluorocomparator. 

Norte. The presence of fluorescence in a urine specimen obtained after the morning 
voiding, but before breakfast indicates that the individual is adequately supplied with 
riboflavin. 


DETERMINATION OF PANTOTHENIC ACID IN BLOOD 


Principle. In this method described by Pennington, Snell and Williams (J. Biol. 
Chem., 1940, 135:213) and by Stanberg, Snell and Spies (J. Biol. Chem., 1940, 
135:353) the growth response to the blood pantothenic acid of a lactic acid producing 
organism in a synthetic pantothenic acid-free medium, is measured by the change in 
pH after 24 hour incubation. 

Organism. The organism is Lactobacillus casei E.* Stock cultures are carried as 
stabs in yeast extract-glucose-agar (1 per cent glucose, 1 per cent yeast extract, 1.5 
per cent agar). These stabs are prepared from previous stock cultures at monthly 
intervals. After transfer, cultures are incubated at 37° C. for 24 to 48 hours, then held 
in the refrigerator. Inoculum for assay tubes is prepared by transfer from the stock 
culture to a sterile tube of the basal medium (described later) to which an excess of 
pantothenic acid (or pantothenic acid-containing extract, e.g. yeast extract) has been 
added. The inoculum is incubated at 37° C. for 24 hours before use. For tests on suc- 
cessive days, the inoculum for the following day may be prepared from that of the 
preceding day. 

Basal Medium. This consists of alkali-treated peptone 0.5 per cent, glucose 1 per 
cent, sodium acetate 0.6 per cent, alkali-treated yeast extract equivalent to 0.1 per cent 
yeast extract, acid hydrolyzed casein equivalent to 0.2 per cent, cystine 0.01 per cent, 
riboflavin 0.01 mg. per cent, and inorganic salts. The constituents of the medium are 
prepared as follows: 

ALKALI-TREATED PEPTONE. Forty grams of Bacto-Peptone (Difco) in 250 ml. of 
water are treated with 20 gm. of sodium hydroxide dissolved in 250 ml. of distilled 
water. The mixture is allowed to stand at room temperature for 24 hours. Neutralize 
with glacial acetic acid (27.9 ml.), add 7 gm. of anhydrous sodium acetate and dilute 
to 800 ml. Preserve under toluene. 

Cystine. A solution of cystine hydrochloride to contain 1 mg. of cystine per ml. 
is preserved under toluene. 

ALKALI-TREATED YEAST Extract. Dissolve 20 gm. of Difco yeast extract in 200 ml. 
of 0.5 N sodium hydroxide. Autoclave at 15 lbs. pressure for 30 minutes. Neutralize the 
cooled solution with glacial acetic acid, autoclave 10 minutes and filter. (This treat- 
ment destroys the pantothenic acid which is normally present in yeast extract so that 
it is necessary, as previously indicated, to add untreated yeast extract to the basal 
medium when making subcultures of the organism for use in the assay.) Adjust the 
volume to 200 ml. and preserve under toluene. 

Acip-Hyprotyzep Casein. Add 250 ml. of 25 per cent sulfuric acid to 50 gm. of 
technical casein. Mix and autoclave 10 hours at 15 pounds. Remove the sulfuric acid 
by adding barium hydroxide (341 gm. of Ba (OH)»2 8H.O). Filter. Remove the slight 
excess of barium with the cautious addition of sulfuric acid. Filter. Adjust the pH to 


* Cultures of this organism may be obtained from the American Type Culture Collection, George- 
town University Medical School, Washington, where it is listed as No. 7469. 
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7.0 with sodium hydroxide solution. Make up to 450 ml., and autoclave for 10 minutes. 
Preserve under toluene. 

InNorcanic SAttTs. Solution A: 25 gm. of potassium monohydrogen phosphate and 
25 gm. of potassium dihydrogen phosphate dissolved in 250 ml. of distilled water. 

Solution B: 10 gm. of magnesium sulfate heptahydrate, 0.5 gm. of sodium chloride, 
0.5 gm. of ferrous sulfate heptahydrate, and 0.5 gm. of manganese sulfate tetrahydrate 
dissolved in 250 ml. of distilled water. Salts precipitate from this solution on standing 
in air; it need be renewed only when a uniform suspension can no longer be secured 
by shaking. 

5 ml. of each solution are used for 1 liter of basal medium. 

RIBoFLavIiN. A solution of riboflavin in 0.02 N acetic acid to contain 10 micrograms 
per mi. Keep under toluene in the refrigerator. Avoid unnecessary exposure to light 
and prepare fresh at frequent intervals. 

PANTOTHENIC AciIp STANDARD. A solution of 0.03 micrograms per ml. made from 
pure calcium pantothenate (Merck) or an assayed yeast extract suitably diluted. 

Procedure. 1. Mix 10 ml. of the alkali-treated peptone, 2 ml. of the casein hy- 
drolysate, 1 ml. of the alkali-treated yeast extract, 10 ml. of the cystine hydrochloride 
solution, 0.5 ml. of solutions A and B, 1 ml. of the riboflavin solution and 1 gm. of 
glucose. Adjust the pH to 6.8-7.0 and dilute to 50 ml. This is twice the concentration 
needed for the final medium, since in the assays it is mixed with an equal volume of 
unknown. 

2. Lake 1 ml. of citrated blood with 9 ml. of water and place a 2 ml. and a 3 ml. 
portion into 19 by 150 mm. test tubes. 

3. In 6 other similar test tubes place 0.5, 1.0, 2.0, 3, 4 and 5 ml. of the standard 
pantothenic acid solution. 

4, Dilute all 8 tubes to 5 ml. with distilled water if necessary. 

5. Add to each tube 5 ml. of the pantothenic acid-free basal medium, plug the 
tubes with cotton and autoclave 15 minutes at 15 pounds pressure. 

6. Shake the 2 tubes containing the blood sample to break up the precipitated 
proteins and inoculate all tubes as follows: the cells from a 24 hour culture of inocu- 
lum, grown as previously described on the basal medium with added pantothenic acid, 
are aseptically thrown down by centrifuging and resuspended in approximately twice 
the original volume of 0.9 per cent sterile saline solution. One drop of the resulting 
suspension of organisms is added to each tube. Variations in the size of the drop do 
not cause appreciable errors in the final results. 

7. Place all tubes in the incubator (37° to 38° C.) for 24 hours. 

8. Inhibit the growth in all of the tubes simultaneously by chilling (in a refriger- 
ator or preferably in a beaker of ice water) until ready for the determination of pH, 
at which time they are brought to 25° C. by immersing in warm water. 

9. Determine the pH of the tubes containing the standards (a Beckman pH meter 
is convenient) and plot the results against the corresponding pantothenic acid con- 
centrations on cross-section paper, drawing a smooth curve through the points. Such a 
chart, once completed, may be used for future assays so that standards need not be 
run with all unknowns. 

10. Determine the pH of the 2 tubes containing the blood sample and pick off from 
the chart the corresponding amounts of pantothenic acid. 
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11. Divide each figure by the amount of blood used in that tube (i.e. 0.2 or 0.3 
ml.) and average the result. Multiply the average by 100 for the pantothenic acid 
content in micrograms per 100 ml. 

Notes. 1. Pantothenic acid in blood of normal individuals varies between 18 and 
35 micrograms per 100 ml., but averages about 23. 

2. The blood of patients with pellagra, beriberi and riboflavin deficiency show a 
decreased pantothenic acid content averaging 23 to 50 per cent below normal average. 


DETERMINATION OF BIOTIN IN BLOOD AND URINE 


Principle. In this method by Shull, Hutchings and Peterson (J. Biol. Chem., 1942, 
142:913) the growth response to the biotin in blood or urine of a lactic acid producing 
organism, in a synthetic biotin-free medium, is measured after 24-hour incubation by 
the change in pH. 

Organism. The organism is the same as that used in the assay for pantothenic 
acid just described. 

The inoculum for the assay is started 2 days before the assay is set up. A transfer 
is made from a stab culture to 10 ml. of a tube of liquid medium containing 0.5 per 
cent of yeast extract (Difco), 0.6 per cent sodium acetate, 0.5 per cent glucose and 
0.05 ml. each of the mineral salt solutions A and B (described later). The culture is 
incubated for 24 hours at 37° C. and then transferred to the sterile biotin-free basal 
medium also described later. A 2 per cent inoculum is used for the transfer, e.g. 0.2 ml. 
per 10 ml. of basal medium. This inoculum supplies sufficient biotin for a good growth 
of the organism after about 20 hours at 37° C. One drop of the suspension of this 
organism is used to inoculate each tube in the assay. 

Basal Medium. It is prepared from the constituents treated as follows: 

PEROXIDE-TREATED HypROLYZED CASEIN. To 100 gm. of Labco vitamin-free casein 
add 375 ml. of water and 125 ml. of concentrated sulfuric acid. Hydrolyze for 15 hours 
at 120° C. in an autoclave. Suspend 640 gm. of barium hydroxide in 400 ml. of boiling 
water and add to the hydrolysate. Filter off the barium sulfate with the aid of Filter 
Cel. Break up the filter cake in 500 ml. of hot water, filter and add the washings to the 
main filtrate. Adjust to pH 3.0 with sodium hydroxide solution, dilute to 1500 ml. and 
add 15 ml. of 30 per cent hydrogen peroxide. Stir and let stand 24 hours at room 
temperature. Adjust the pH to 7.0 with sodium hydroxide solution and add manganese 
dioxide powder in an amount equivalent to | per cent. Stir the mixture mechanically 
until no more oxygen is evolved (about 15 minutes) and filter with suction. Dilute 
the filtrate to 2 liters with water. 

PEROXIDE-TREATED NorITE YEAST FILTRATE. Dissolve 20 gm. of Difco Bacto-yeast 
extract in 1 liter of water and adjust the pH to 2.0 with concentrated sulfuric acid. Add 
4 gm. of norite A and stir mechanically for 30 minutes at 55° to 60° C. Remove the 
norite by filtration with the aid of vilter Cel and adjust the filtrate to pH 3.0 with 
40 per cent sodium hydroxide. Make up the volume to 1300 ml., add 13 ml. of 30 per 
cent hydrogen peroxide and allow to stand at room temperature for 24 hours. Adjust 
the pH to 7.0 with 40 per cent sodium hydroxide and add 13 gm. of manganese dioxide. 
Stir mechanically until the evolution of oxygen ceases. Remove the manganese dioxide 
by filtration. The final volume should be about 1325 ml. 

VitaMIN SoLuTIon. A solution containing 100 micrograms of pyridoxine, 100 
micrograms of calcium pantothenate, 50 micrograms of riboflavin, 500 micrograms of 
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nicotinic acid, and 50 micrograms of para-aminobenzoic acid per ml. is stored in the 
refrigerator under toluene. 

ADENINE-GUANINE-CYSTINE SOLUTION. A solution containing 500 micrograms each 
of adenine and guanine, and 1.0 mg. of cystine per ml. is prepared by dissolving these 
in distilled water with the addition of the least amount of sulfuric acid needed to effect 
solution. 

MINERAL SALT SOLUTIONS. Both solution A and B have the same composition as 
used in the medium for the determination of pantothenic acid, page 1072. 

It is convenient to prepare a quantity of stock basal medium complete, except for 
glucose, sodium acetate and mineral salts, in advance. Mix 200 ml. each of the perox- 
ide-treated casein solution, the peroxide-treated yeast filtrate, and the adenine-guanine- 
cystine solution. Add 4 ml. of the vitamin solution and 150 mg. of tryptophane and 
400 mg. of asparagine. Dilute to 1 liter and preserve under toluene in the refrigerator. 

Procedure. 1. In a 50 ml. mixing cylinder, place 1 gm. each of C.P. anhydrous 
glucose and anhydrous sodium acetate, add 0.5 ml. each of mineral salt solutions A 
and B and dilute to 50 ml. with the stock basal medium. Adjust the pH of the complete 
biotin-free basal medium to 5.6. This mixture is sufficient for 10 assays. 

2. Place 5 ml. portions of this medium in 15 by 150 mm. test tubes, add the solu- 
tions to be assayed and make up the final volume to 10 ml. with distilled water. Plug 
the tubes with cotton and autcclave for 15 minutes at 120° C. Cool and inoculate the 
tubes with 1 drop of the inoculum as just described. Incubate at 37° to 38° C. for 
24 hours and chill the tubes by placing them in the refrigerator or in ice water until 
ready to determine the pH. This is most conveniently done by means of the glass 
electrode. 

3. PREPARATION OF STANDARD CurvVE. A solution of biotin in the form of the free 
acid or the hydrolyzed methyl] ester containing 200 micromicrograms per ml. is used. 
To 6 tubes containing 5 ml. of the basal culture medium add amounts of the standard 
equivalent to 100, 200, 400, 600, 800 and 1000 micromicrograms of the biotin stand- 
ard; add water to 10 ml. if necessary and determine the pH of the tubes after 24 hours 
incubation as before. Plot the pH reading against the corresponding amount of biotin 
in that tube on cross-section paper. 

4. In assaying blood, use 1 ml. of a 1:10 dilution of citrated blood. 

5. In assaying urine, use 1 ml. of a 1:100 dilution of urine. Interpolate from the 
curve the amount of biotin present in the sample. 

Norte. Values between 0.07 and 0.10 micrograms per cent in blood and 3.0 to 3.1 
micrograms per cent in urine have been found. 


DETERMINATION OF NICOTINIC ACID IN BLOOD 
Principle. In this method, adapted after that of Klein, Perlzweig and Handler 
(J. Biol. Chem., 1942, 145:27), the color produced in the hydrolyzed tungstic acid 
blood filtrate by the reaction between nicotinic acid, cyanogen bromide and “Elon” 
(paramethylamino-phenol sulfate) is measured in the photoelectric colorimeter using 
color filter No. 42. 


Reagents. SuLFuRic Acip SoLuTION, : N. 


SopIuM TUNGSTATE SOLUTION, 10 PER CENT. 
Soptum Hyproxipr SOLUTION, 40 Per CENT. 


DETERMINATION OF NICOTINIC ACID IN BLOOD 1075 


Hyprocutoric Acip, CONCENTRATED. 

Potassi1um DinypROGEN PHOSPHATE SOLUTION, 0.4 M. 54.5 gm. of the dry salt in 
1 liter of distilled water. 

CYANOGEN BROMIDE SOLUTION, 4 PER Cent. A cold, saturated bromine-water solu- 
tion is carefully decolorized in the cold with freshly prepared 10 per cent sodium 
cyanide measured from a buret. This solution, in a dark colored bottle kept in the 
cold, is stable for long periods of time. A portion is adjusted to pH 4.5 before use. 

Eton. Solid (Eastman). 

Stock STANDARD NicoTINic Acip SOLUTION. Dissolve 250 mg. of nicotinic acid in 
about 50 ml. of alcohol, transfer to a 100 ml. volumetric flask and dilute to the mark 
with alcohol (1 ml. = 2.5 mg.). 

WorkInc Nicotinic Acip STANDARD. Dilute 1 ml. of the stock to 500 ml. with 
distilled water just before use (1 ml. = 0.005 mg.). 

Procedure. 1. A 1:5 tungstic acid filtrate is prepared from 5 ml. of blood, 10 ml. 


of distilled water, 5 ml. of 10 per cent sodium tungstate and 5 ml. of ; N sulfuric acid. 


The precipitate is separated by centrifugation and the supernatant freed from any 
small particles by recentrifugation. 

2. Place 15 ml. of the clear supernatant (equivalent to 3 ml. of blood) in a tube 
graduated at 15 ml.; add 2 ml. of concentrated hydrochloric acid and heat the un- 
covered tube in boiling water for 1 hour. 

3. Cool and adjust the pH to about 4.5 by the addition of first, 40 per cent sodium 
hydroxide solution (about 1.8 ml.), then approximately N sodium hydroxide solution 
dropwise as the proper degree of acidity is approached. “Alkacid” paper may be used 
to estimate the pH. 

4. Replace the tube in boiling water and reduce the volume, if necessary, to the 
15 ml. mark. Cool and adjust to 15 ml. (If test tubes of about 23 mm. diameter have 
been used, the volume will have been sufficiently reduced so that this second heating 
will probably not be needed.) 

5. Transfer 5 ml. portions of the solution to each of 2 test tubes. 

6. Add 1 ml. (= 5 micrograms of nicotinic acid) of the diluted nicotinic acid 
standard to the 5 ml. remaining in the digestion tube and 1 ml. of distilled water to 
each of the other 2 tubes. 

7. Add to each tube 0.5 ml. of the 0.4 M phosphate solution and heat in water at 
80° C. for 5 minutes. 

8. Add 0.5 ml. of the cyanogen bromide to the tube containing the standard and 
to one of the other 2 tubes. Add 0.5 ml. of distilled water to the remaining tube; this 
is the blank. Continue heating all 3 tubes for 5 minutes longer. 

9. Cool all tubes to room temperature with running tap water and add 150 mg. of 
Elon to each tube. 

10. Mix thoroughly by inversion and allow to stand in the dark for 30 to 40 
minutes. 

11. Read in the colorimeter, using filter No. 42, and a distilled water zero. 

Calculation. Subtract the reading of the blank from the reading of the unknown, 
and also from the reading of the tube containing the unknown plus the added 5 micro- 
grams of nicotinic acid. The difference in readings of the last two represents the 
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colorimeter reading due to 5 micrograms of nicotinic acid, = D. Then D x reading 


of unknown (corrected for the blank) — micrograms of nicotinic acid per ml. of blood. 
Nore. Normal fasting human blood contains 3 to 5 micrograms per ml. 


DETERMINATION OF NICOTINAMIDE IN URINE 


Principle. In this method, described by Huff and Perlzweig (J. Biol. Chem., 1943, 
150:483), the fluorescence of the butanol extract of alkalinized urine is measured in 
a suitable electric fluorophotometer ora fluorocomparator.* 

Reagents. LLoyp’s REAGENT. 

Soprum HyproxIpE SOLUTION, 40 PER CENT. 

Normat Butyt ALCOHOL. 

Procedure. 1. To 10 ml. of urine add 3 drops of 40 ver cent sodium hydroxide and 
0.5 gm. of Lloyd’s reagent. Mix and centrifuge. The supernatant is used for the blank. 

2. Place 5 ml. of the blank in a 125 ml. separatory funnel. 

3. Place 5 ml. of the untreated urine in another 125 ml. separatory funnel. 

4. Add to each, 5 ml. of N butanol and 1 ml. of 40 per cent sodium hydroxide 
solution. Shake vigorously, allow the 2 layers to separate and draw off and discard 
the lower aqueous layer. 

5. The upper layer is run into a centrifuge tube, the tube capped and centrifuged 
until the butanol is clear. 

6. About 4 ml. of each are pipetted into standard tubes and examined for fluores- 
cence in a fluorocomparator. Subtract the blank value. 

Notes. 1. When the urine contains more than 3 micrograms per ml., dilute the 
urine to a suitable volume with 25 per cent potassium chloride and proceed as before 
on a 5 ml. aliquot. 

2. It has been found that preliminary adsorption by Permutit and elution with salt 
solution are unnecessary; the results by the simplified method are substantially similar. 

3. The chief excretion product of nicotinic acid metabolism in human urine is 
N'-methylnicotinamide; the determination just given is thus a more satisfactory guide 
than determinations of nicotinic acid. 

4. The presence of fluorescence in urine obtained after the morning voiding, but 
before breakfast indicates that the individual is adequately supplied with nicotinic 
acid. 


DETERMINATION OF PYRIDOXINE IN URINE 


Principle. In this method, adapted after that of Scudi (J. Biol. Chem., 1941, 
139:707), the urine is freed of interfering substances by adsorption on superfiltrol. 
The pyridoxine is eluted and the blue color developed with a butanol solution of 2, 
6-dichloroquinonechloroimide which is then measured in the photoelectric colorimeter 
using red filter No. 66. 

Reagents. SUPERFILTROL. 

Norma Butyrt ALCOHOL, ACID-FREE, REAGENT GRADE. 


* May be obtained from W. A, Taylor and Company, Baltimore, Md. 
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VrRoNAL Burrer (PH 7.6 To 7.8). Dissolve 15 gm. of sodium diethyl barbiturate 
in 700 ml. of distilled water. Add dilute hydrochloric acid until the proper pH is 
attained (bromthymol blue on spot plate or the glass electrode). Filter from the pre- 
cipitated barbituric acid. Check the pH from time to time. 

Citrate Burrer (PH 3.0 To 3.5). Dissolve 21 gm. of citric acid in distilled water 
in a 1 liter volumetric flask. Add 200 ml. of carbonate-free N/1 sodium hydroxide and 
dilute to the mark with distilled water. Place 45 ml. of this solution in a 100 ml. 
volumetric flask and dilute to the mark with N/10 hydrochloric acid. 

CHLORIMIDE REAGENT. Dissolve 50 mg. of 2,6-dichloroquinonechlorimide (East- 
man) in 1600 ml. of normal butanol. Store in a refrigerator in a brown bottle. Keeps 
about 2 weeks. Samples withdrawn for use are first allowed to come to room tempera- 
ture. 

STOCK STANDARD PYRIDOXINE SOLUTION. Dissolve 100 mg. of pyridoxine hydro- 
chloride (Merck) in distilled water in a 100 ml. volumetric flask. Add 2 drops of con- 
centrated hydrochloric acid and dilute to the mark with distilled water. Store in a 
brown bottle in the refrigerator (1 ml. = 1 mg. pyridoxine hydrochloride). 

WorKING STANDARD PYRIDOXINE SOLUTION. Prepared fresh from the stock solu- 
tion by diluting 5 ml. to the mark in a 1 liter volumetric flask (1 ml. = 5 microgramis). 

Procedure. 1. Pipet 5 ml. of urine into a test tube, add 10 mg. of superfiltrol and 
2 ml. of the citrate buffer. 

2. Stopper the tube and shake vigorously several times during a 30 minute period. 

3. Centrifuge the suspension and discard the clear supernatant. 

4. Add 5 ml. more of the citrate buffer, shake, centrifuge and discard the super- 
natant. 

5. In a second test tube place 1 ml. of the pyridoxine standard (= 5 micrograms). 

6. Add to each tube 10 ml. of the chlorimide reagent and shake vigorously several 
times during the course of 5 minutes; then add 3 ml. of veronal buffer solution to each 
tube and agitate the mixture. 

7. Centrifuge and pour the butanol water mixtures into separatory funnels. 

8. Allow the layers to separate and draw off and discard the aqueous layer. 

9. Add to each funnel about 1.0 gm. of anhydrous sodium sulfate, shake and allow 
the powder to settle. Pour off the clear liquid. 

10. Read in the colorimeter approximately 20 minutes after the chlorimide reagent 
was added, using red filter No. 66 and a zero setting obtained from a tube of the 
chlorimide reagent. 

1.0 
reading of the standard 
pyridoxine hydrochloride in micrograms per ml. 

Notes. 1. If more than 10 micrograms is to be expected use 5 ml. of a 1:5 dilution 
of urine, and multiply the result by 5. 

2. Normal urine contains less than 1 microgram per mi. Consequently, the detec- 
tion of undernutrition is determined by the amount excreted in the urine 1 hour after 
the subcutaneous injection of 50 to 100 mg. of the vitamin. Normally more than 5 per 
cent of the injected vitamin is excreted. Values of less than 3 per cent are indicative 


of lack of dietary vitamin Be. 


Calculation. (= factor) reading of the unknown = 
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DETERMINATION OF ASCORBIC ACID IN BLOOD 


Principle. In this volumetric method of Farmer and Abt (Proc. Soc. Exper. Biol. 
& Med., 1936, 34:146) the plasma proteins are precipitated with metaphosphoric acid 
and the ascorbic acid in solution titrated with standardized indophenol. 

Reagents. 2,6-D1cHLOROPHENOL-INDOPHENOL-SopIUM SoLuTION. Dissolve 1 tablet 
(Hoffman-LaRoche) in recently boiled distilled water in a 100 ml. volumetric flask. 
These tablets have been standardized so that in this solution 1 ml. will be reduced 
by 0.01 mg. of ascorbic acid. Keeps about 3 days in the cold, but is best made up fresh. 

MerapHosPHoric Acip SOLUTION, 5 PER CENT. 

Procedure. 1. Place 2 ml. of plasma in a 15 ml. centrifuge tube; add 4 ml. of dis- 
tilled water followed by 4 ml. of the metaphosphoric acid solution. Mix by tapping and 
centrifugalize. 

2. Place 2 ml. of supernatant in a test tube. 

3. Place 1 ml. of the 5 per cent metaphosphoric acid plus 1 ml. of distilled water 
in another test tube (blank). 

4. Add the indophenol solution from a 5 ml. microburet (graduated to 0.02 ml.) 
to each tube, dropwise, until a pink color is obtained that persists for 30 to 60 seconds. 

Calculation. The difference between the two titrations X 0.01 — mg. of ascorbic 
titration difference * 0.01 & 100 

4 


acid in sample (0.4 ml. of plasma). Or or titration 


difference & 2.5 = ascorbic acid per 100 ml. of plasma. 

Notes. |. The titrations should be carried out rapidly; they should be completed 
within 2 minutes. 

2. Plasma ascorbic acid should be determined as soon as possible after taking blood 
sample. 

3. Normal ascorbic acid blood content is 0.8 to 2.4 mg. per 100 ml. of plasma. 
Vaiues below 1.1 mg. are found in clinical scurvy. 


SECOND METHOD FOR DETERMINATION OF ASCORBIC ACID 
IN BLOOD 


Principle. In this colorimetric method of Mindlin and Butler (J. Biol. Chem., 1938, 
122:673) the amount of color reduction of an indophenol solution acted on by blood 
plasma is measured and calculated in terms of ascorbic acid. 

Reagents. MrtapHospHoric Acip SOLUTION, 5 PER CENT. Keeps about 2 weeks. 

PotasstuM OXALATE, 20 Per CENT. 

Potasstum CYANIDE, 5 PER CENT. 

ACETATE Burrer. To 5 gm. of sodium acetate crystals, dissolved in 20 ml. of dis- 
tilled water, add 1 ml. of 1 per cent acetic acid. Transfer to a 100 ml. volumetric flask. 
Dilute to the mark with distilled water. 

Dye SoLuTiIon (Stock). Place 50 mg. of 2,6-dichlorophenolindophenol sodium in 
a 100 ml. volumetric flask and dilute to the mark with recently boiled, distilled water. 

Dye Sotution (DiLutTe). Dilute 5 ml. of the stock dye solutions to 100 ml. with 
recently boiled, distilled water. 

Dyer ACETATE SOLUTION. Mix equal parts of diluted dye solution and acetate buffer. 
Make up enough for 1 day’s use only. 
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Stock STANDARD Ascorsic Acip. Place 50 mg. of ascorbic acid in a 100 ml. volu- 
metric flask. Add 50 ml. of the 5 per cent metaphosphoric acid solution, dissolve and 
dilute to the mark with water (1 ml. = 0.5 mg.). 

DILUTE STANDARD Ascorzic Acip. Pipet 1.0 ml. of the stock standard into a 100 
ml. volumetric flask, add 50 ml. of the 5 per cent metaphosphoric acid and dilute to 
the mark with distilled water (4 ml. = 0.02 mg.). 

Procedure. 1. Make color comparisons in the Klett-Summerson colorimeter, using 
filter No. 54. 

2. BLANK. Place 4 ml. of the indophenol-acetate svlution into a colorimeter tube, 
add 4 ml. of 2.5 per cent metaphosphoric acid (made by diluting the 5 per cent solu- 
tion with an equal volume of distilled water); mix and read at once in the colorimeter 
against a distilled water zero. 

3. Factor. Place 4 ml. of the dilute ascorbic acid standard in a colorimeter tube, 
add 4 ml. of the dye-acetate solution and read at once in the colorimeter. Plasma 

2.0 
blank reading — standard reading 

4. UNKNowN. Place 1 drop each of 20 per cent potassium oxalate and 5 per cent 
cyanide solutions in a test tube. Add 4 to 5 ml. of freshly drawn blood. Mix and centri- 
fuge. Place 2 ml. of the plasma in another test tube, add 2 ml. of distilled water and 
4 ml. of 5 per cent metaphosphoric acid. Mix by gentle shaking and filter. 

5. Place 4 ml. of the dye acetate solution in a colorimeter tube. Add 4 ml. of the 
filtrate. Read at once in the colorimeter. 

Calculation. Blank reading — unknown reading x factor = mg. of ascorbic acid 
per 100 ml. plasma. 

Notes. 1. Readings should be made within 30 seconds. 

2. Note that the procedure depends only on the difference in readings between 
blank and unknown and blank and standard. Thus changes in dye concentration will 
not affect the result as long as the same solution is used for both blank and unknown 
except that the dye concentration should not give readings that are too low. Dye 
blanks that read around 150 in the colorimeter are satisfactory. Because only the 
difference in readings is used, the dye blank need not be the same for the unknown as 
was used for the standard when the factor was obtained. It is essential, however, that 
the same dye concentration be used for both the blank and unknown in making this 


ascorbic acid factor = 


determination. 
3. The standard ascorbic acid solution is only needed to standardize the dye solu- 


tion. Once this is done and the factor obtained it is unnecessary to use a standard 
as long as the same conditions are maintained. 


DETERMINATION OF ASCORBIC ACID IN URINE 
Principle. In this volumetric method of Harris and Ray (Lancet, 1935, 228:71) 
the ascorbic acid is determined by titrating an acidified sample of fresh urine with a 


standard indophenol solution. 
Reagents. 2, 6-DICHLOROPHENOL-INDOPHENOL-SODIUM SOLUTION. Prepared as de- 


scribed on page 1078. 
Acetic Acip SoLuTIon, 5 Per Cent. Add 95 ml. of distilled water to 5 ml. of 


glacial acetic acid and mix. 
Procedure. Pipet 10 ml. of the indophenol solution into a porcelain dish. Add the 
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acetic acid solution dropwise until a red color appears. Fill a 5 ml. microburet (gradu- 
ated to 0.02 ml.) with freshly voided urine and add to the dye solution in the dish 
until the color disappears. 
Calculation. ue = mg. ascorbic acid per 100 ml. of urine. 
ml. of urine used 


Nore. Normal adult excretion is about 25 mg. per day. 


DETERMINATION OF PARA-AMINOBENZOIC ACID IN BLOOD 
AND URINE 


Principle. This method, modified after that of Eckert (J. Biol. Chem., 1943, 148: 
197), is based on that of Bratton and Marshall for sulfonamide compounds (pages 1050 
to 1052). 

Reagents. TRICHLOROACETIC ACID SOLUTION, 15 PER CENT. 

TRICHLOROACETIC Acip SOLUTION, 2.7 PER CENT. Dilute 18 ml. of the 15 per cent 
solution to 100 ml. with distilled water. 

Sop1um NITRITE SOLUTION, 0.2 PER CENT. Best to use freshly prepared but will 
keep a week in the refrigerator. 

AMMONIUM SULFAMATE SOLUTION, 2 PER CENT. 

Hyprocutoric Acip SOLUTION, APPROXIMATELY 4 N. Dilute 388 ml. of the concen- 
trated acid to 1 liter. 

Cotor REAGENT. Dissolve 0.1 gm. of N-(1-naphthyl) ethylenediamine dihydro- 
chloride (Eastman or LaMotte) in 100 ml. of distilled water. 

Stock STANDARD PARA-AMINOBENZOIC AciD. In a 500 ml. volumetric flask dissolve 
100 mg. of the pure crystalline compound, dilute to the mark and mix (1 ml. == 
0.2 mg.). 

WorKING STANDARD PARA-AMINOBENZOIC Acip. Pipet 1 ml. of the stock standard 
into a 100 ml. volumetric flask, dilute to the mark with 2.7 per cent trichloroacetic acid 
solution and mix (10 ml. = 0.02 mg.). 

Preparation of Filtrate. 1. Place 30 ml. of distilled water in a 50 ml. Erlenmeyer 
flask and add 2 ml. of oxalated or citrated blood. Shake and allow to lake for 5 
minutes. 

2. Add 8 ml. of 15 per cent trichloroacetic acid, slowly with rotation of the flask. 

3. Stopper the flask, shake vigorously and allow to stand for i5 minutes. Filter. 

Procedure for Free Para-aminobenzoic Acid in Blood. 1. Place 10 ml. of the 
blood filtrate in a test tube and add 2 ml. of distilled water. 

2. Place 10 ml. of the working standard in a second test tube and add 2 ml. of 
distilled water. 

3. Place 10 ml. of the 2.7 per cent trichloroacetic acid in a third test tube and add 
2 ml. of distilled water. 

4. To each tube add 1 ml. of 0.2 per cent sodium nitrite solution, mix and allow 
to stand 15 minutes. 

5. To each tube add 1 ml. of 2 per cent ammonium sulfamate solution, mix and 
allow to stand 3 minutes. 

6. To each tube add 1 ml. of the color reagent. 

7. Allow to stand 30 minutes and read in the photoelectric colorimeter using a 
distilled water zero and filter No. 54. 
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Calculation. Subtract the blank reading from the readings of unknown and stand- 
ard when eon = SALA (= factor) X reading of unknown = mg. of para- 
aminobenzoic acid per 100 ml. of blood. 

Procedure for Total Para-aminobenzoic Acid. 1. In a test tube graduated at 
10 ml. place 10 ml. of the blood filtrate; add 0.5 ml. of the 4 N hydrochloric acid and 
heat in boiling water for 1 hour. 

2. Cool to room temperature and make up to the 10 ml. mark with distilled water. 

3. Add 2 ml. of distilled water and proceed exactly as just described for the free 
acid. 

4. The calculation is the same. 

The conjugated para-aminobenzoic acid is obtained by subtracting the free from 
the total. 

Procedure for Para-aminobenzoic Acid in Urine. The protein-free urine is 
diluted to contain about 2 mg. per cent and then diluted with an equal amount of 
4 N hydrochloric acid. 

Free para-aminobenzoic acid is determined on a 10 ml. portion exactly as for blood. 

Total para-aminobenzoic acid is determined as for blood, but is heated without the 
addition of any more acid. 

Notes. 1. Since the reaction just described is similar to that of the sulfonamide 
determination, it is evident these drugs must not be administered when para-amino- 
benzoic acid determinations are to be made. 

2. Ingested para-aminobenzoic acid disappears rapidly from the blood stream; it 
is excreted mostly in the conjugated form. 


DETERMINATION OF TOCOPHEROL IN BLOOD 


Principle. In the following method, adapted from that of Mayer and Sabotka 
(J. Biol. Chem., 1942, 143:695), the tocopherol is extracted from the protein-free 
solution by absolute ether, freed from impurities by adsorption on and elution from 
floridin and reacted with iron-bipyridyl to form a pink color which is measured in the 
photoelectric colorimeter with green filter No. 52. 

Reagents. FORMALDEHYDE, 37 PER CENT, NEUTRAL TO PHENOLPHTHALEIN. 

ALCOHOL, 95 PER CENT AND ABSOLUTE. 

ETHER, ABSOLUTE; PEROXIDE-FREE. 

BENZENE, C.P. 

CapmMium SULFATE-SuLFuURIC Acip. 1 per cent cadmium sulfate in 1 per cent 
sulfuric acid. 

PorasstuM HypDROXIDE SOLUTION, 2 PER CENT. 

Sop1tuM SULFATE, ANHYDROUS POWDER AND 0.5 PER CENT SOLUTION. 

FLoriwin, 30/60 Mresu AcTIvATED AT 480° C. 

Cotor REAGENT. 250 mg. of ferric chloride and 500 mg. of alpha, alpha prime, 
bipyridyl made up to 1 liter with glacial acetic acid. Stable for long periods. 

STANDARD TOCOPHEROL SOLUTION. A solution of tocopherol in absolute ethanol 
containing 10 mg. per 100 ml. 

Procedure. 1. Place 10 ml. of serum in a 250 ml. separatory funnel; add 5 ml. of 
2 per cent potassium hydroxide, 15 ml. of 37 per cent formaldehyde and 15 ml. of 95 


per cent alcohol. Shake thoroughly. 
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2. Add 50 ml. of ether, shake, allow the layers to separate and remove the ether 
layer into another separatory funnel. 

3. Extract the aqueous portion in the first separatory funnel twice more with 50 ml. 
portions of ether, adding the ether layers to the second separatory funnel. 

4. Wash the combined ether layers twice with 15 ml. portions of the cadmium sul- 
fate-sulfuric acid solution and then twice with 25 ml. portions of the 0.5 per cent 
sodium sulfate solution. 

5. Shake up the washed ether solution with several grams of anhydrous sodium 
sulfate; let stand 1 hour and run the ether through a pledget of cotton in a funnel into 
an Erlenmeyer flask that has been filléd with nitrogen. 

6. Evaporate the ether by placing the flask in warm water. 

7. Add 10 ml. of benzene; the residue should form a clear solution. If not, evapo- 
rate the benzene by immersing the flask in warm water and add another small portion 
of benzene. This process is repeated until a clear solution is formed with 5 ml. of 
benzene. 

8. Pass the clear yellow benzene solution through a column of floridin of 12 mm. 
diameter and 30 mm. height which has been filled with nitrogen. 

9. Wash the column with 25 ml. of benzene, catching the colorless filtrate in a 
nitrogen filled 25 ml. volumetric flask. 

10. Evaporate the benzene by immersing the flask in warm water. Redissolve the 
residue in 2.5 ml. of benzene. 

11. Place 2.5 ml. of benzene in another 25 ml. volumetric flask and add 1 ml. of 
the tocopherol standard. 

12. Place 2.5 ml. of benzene in a third 25 ml. volumetric flask. 

13. Add 1 ml. of the color reagent to each of the three flasks and make up to the 
marks with absolute ethanol. Mix, allow to stand 20 minutes, and read the unknown 
and standard in the photoelectric colorimeter using color filter No. 52, with the blank 
(item 12) zero setting. 

1.0 


reading of standard 
= tocopherol, mg. per 100 ml. of serum. 


Calculation. (= factor) X reading of unknown 


Notes. 1. Both the benzene and the ether should not give a test with the color 
reagent. 

2. The factor is valid over a wide range and a standard need not be run with each 
unknown. 

3. Values ranging from 0.4 to 2.0 mg. per cent have been found in normal human 
serum. 


METHODS FOR TOXICOLOGIC EXAMINATIONS 


Principles. 1. It is highly important that a sufficient amount of material be fur- 
nished. Depending on the expected concentration of the substance, 50 to 1000 ml. of 
urine or 100 to 200 grams of feces are desired. In cases of acute poisoning with oliguria, 
small amounts of urine can be examined when more is not obtainable. 

2. Material desirable for detection of some common poisons are as follows: 

(a) Leap. Feces, blood and urine. Feces contain more than urine. 

(6) Mercury. Urine, feces and stomach contents. Excretion about equal in urine 
and feces. Urine is desired when obtainable, as analysis is more quickly and easily done. 

(c) ARsENIc. Urine, blood, hair, some in feces. 

(d) Morputne. Feces and urine. 

(e) MretHyt ALconHot. Urine. 

(f) CarBon MonoxIpe. Blood. 

(g) ALKALoIps, PHENOL, IODINE, AND ALKALIES. Vomitus and stomach washings. 

(h) Autopsy Materia. Part of liver, brain, one kidney, stomach, bone and 
intestinal contents. 


DETECTION OF ARSENIC, ANTIMONY AND MERCURY 


The Reinsch test possesses two advantages, (1) as a preliminary test when abun- 
dance of material is available and (2) for clinical purposes during the life of the 
patient. It is a test not only for arsenic, but for mercury and antimony as well. It may 
be applied directly to a liquid containing organic matter, as the urine, and may be 
completed in a few minutes. The Reinsch test can also be applied to tissue. 

Principle. If a solution containing an arsenite and acidulated with about one-fifth 
its volume of hydrochloric acid (arsenic free) is heated a little below the temperature 
of boiling water for 14 hour in the presence of metallic arsenic free copper foil (keep 
copper below surface of liquid), a gray stain is formed upon the copper which is an 
alloy of copper and arsenic. It is not formed in the presence of powerful oxidizing 
agents such as the chlorates. With an arsenate it is only slowly formed. If the presence 
of arsenates be suspected, it is well to reduce them to arsenites by sulfur dioxide and 
expel the excess of gas by boiling before applying the test. A stain having an appear- 
ance similar to that caused by arsenic is also formed if the liquid contains compounds 
of sulfur, selenium, gold, platinum, silver, bismuth, antimony or mercury. 

To distinguish the arsenical stain from the others, the strip of thin copper foil, 
which should be about % by 34 of an inch, is taken from the solution, gently washed 
and dried by contact with filter paper. It is then inserted into one end of a clean piece 
of thin glass tubing, open at both ends and about 8 inches long. This is held at an 
angle of about 10 degrees to the horizontal and gently warmed along its entire length 
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until the interior of the tube and the foil are perfectly dry. The portion of the tube 
immediately above the copper is then slightly warmed (to insure the formation of larger 
crystals than would be deposited upon a cold surface) and then, the forefinger being 
more or less applied to the upper opening in such a manner as to allow a very slow 
current of air to go through the tube, the copper is heated strongly. There is danger 
of loss if the air current is too rapid. 

Of the compounds mentioned, selenium, arsenic, antimony and mercury are the 
only ones which produce a sublimate in the tube. Sulfur is volatilized as sulfur 
dioxide, and the other metals remain upon the copper. 

The sublimate produced by mercury is grayish rather than pure white, and, when 
examined with the microscope the mercury deposit when rubbed, assumes a silvery 
appearance. Arsenic, antimony and bismuth give a gray or black deposit, is found to 
consist of an aggregation of shining globules. The deposits of the oxides of arsenic, 
antimony and selenium are white and more closely resemble each other, but differ in 
certain particulars. The antimonial deposit is nearer to the point at which heat was 
applied than the arsenical, and a portion of it may be in that part of the tube which 
was in the flame. After the formation of the sublimate it may be readily driven along 
the tube by a moderate heating if it be arsenic, while much higher temperature is 
required to volatilize the antimonial deposit. The arsenical deposit consists entirely of 
brilliant octahedral crystals varying in size, the larger being in the portion of the 
sublimate nearest to where heat was applied. The crystals are bright, with finely 
defined edges, and scintillate when the tube is rotated on its axis in the sunlight. The 
antimonial deposit is generally entirely amorphous. It may, however, contain crystals 
some of which may be octahedral of the same shape as the arsenical crystals, but rather 
duller in luster and less transparent, and whose edges appear as broader black lines. 
These crystals, if present at all, are always few in number and are surrounded by 
much granular material, and require a high temperature for their volatilization. Occa- 
sionally prismatic crystals are also formed either beyond the copper or in that part of 
the tube which was in the flame. 

The presence of selenium is exceptional, originating most frequently as an impurity 
of sulfuric acid. Microscopically its sublimate is found to consist of amorphous 
material and may contain prismatic crystals arranged in feathery bundles. 

Two points are to be borne in mind: hydrochloric acid is rarely free from arsenic, 
and the copper foil may contain it. The method should, therefore, never be used 
without a blank. If the chemicals be pure the copper is, if anything, brightened. Should 
it become dimmed in the slightest degree, the acid, which is usually at fault, must be 
rejected. An objection to this method is the fact that copper is introduced into the 
articles under examination. It should therefore never be used except with a small 
sample of the available material. ; 

The practical limit of delicacy of this test is about 0.0065 milligram. It is certainly 
inferior in delicacy to the Marsh test. 

It should also be remembered that normal urine may and frequently does, contain 
arsenic. The amount of this so-called normal arsenic is variable, depending upon food, 
occupation and environment. The Reinsch test is hardly sufficiently delicate to detect 
this ‘‘normal” arsenic, but both the Marsh test and the Gutzeit test usually will give 
a test for arsenic with normal urine. 

In the case of tissue, 5 to 10 grams of finely divided material are diluted with dis- 
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tilled water. The mixture is then acidulated with concentrated hydrochloric acid and 
the Reinsch test conducted in the same manner as described. 


DETECTION OF METALLIC POISONS 


Oxidation of Organic Matter (Fresinius von Babo’s Method). 1. A portion of 
finely divided material is mixed with distilled water to a fluid mass and placed in a 
Kjeldahl flask. 

2. About 30 ml. of concentrated hydrochloric acid (arsenic-free if a test is to be 
made for arsenic) are added per 100 ml. of material (a large excess of hydrochloric 
acid should be avoided). 

3. Add 1 to 2 grams of potassium chlorate, shake well and set the flask upon a 
boiling water bath under the hood. Nascent chlorine is evolved which destroys the 
organic matter. When the flask is hot, it is frequently shaken and a small amount of 
potassium chlorate (0.3 to 0.5 gram) is added from time to time until the solution is 
clear or turbid, has a pale yellow color, and additional heating produces no further 
change. Fat is very resistant to oxidation by chlorine. 

4, When oxidation is complete, dilute with hot distilled water and add a few drops 
of dilute sulfuric acid to precipitate possible barium; shake and pour the liquid through 
a wet filter paper. 

5. Evaporate in a porcelain dish on a water bath nearly to dryness to remove 
excess acid. The decomposition of some potassium chlorate may give a brown color at 
this point. (If necessary, filter, wash with water, and evaporate again almost to 
dryness. ) . 

6. Dissolve in distilled water and filter. (The insoluble residues may contain silver 
chloride, barium sulfate and lead sulfate in addition to fat. These can be identified if 
necessary, after fusion with potassium nitrate and sodium carbonate.) 

Nitric and sulfuric acids with a trace of potassium permanganate may be used as 
a substitute for oxidizing purposes. 

Treatment with Hydrogen Sulfide. The filtrate should have only a faint yellow 
color, and should be slightly acid (test with litmus). Place in a flask and heat on a 
water bath. While heating saturate the solution with washed hydrogen sulfide from 
a Kipp generator. (If a test is to be made for arsenic, the hydrogen sulfide must be 
arsenic free. Prepare arsenic-free hydrogen sulfide by saturating dilute sodium hydrox- 
ide solution with hydrogen sulfide from crude iron sulfide and commercial hydrochloric 
acid.) Pour this sodium hydrosulfide (NaSH) solution into a separating funnel and 
add slowly to dilute (1:4) sulfuric acid. Pass hydrogen sulfide into the hot solution 
for 30 minutes and continue for about 30 minutes after the flask has cooled, then 
stopper tightly and let stand for several hours, preferably overnight, and filter. The 
filtrate may contain chromium or zinc. The precipitate may contain arsenic, antimony, 
tin, mercury, lead, bismuth, copper, cadmium. Treatment with hydrogen sulfide almost 
invariably causes a precipitate of sulfuric and organic thio-compounds; therefore no 
positive conclusion can be drawn from the formation of precipitate at this stage. 

Examination of the Precipitate. The precipitate is thoroughly washed with 
hydrogen sulfide water and while still moist about 5 to 10 ml. of a boiling solution 
of equal parts of ammonium hydroxide and yellow ammonium sulfide are dropped 
upon the precipitate on the filter. Repeat this several times. Finally wash with a few ml. 
of a fresh mixture of ammonia and yellow ammonium sulfide. The filtrate may contain 
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arsenic, antimony, tin, and copper (see Metallic Poisons I). The precipitate may 
contain mercury, lead, copper, bismuth, and cadmium (see Metallic Poisons IT). 

Metallic Poisons I. Evaporate the solution (the solution is often dark brown 
owing to dissolved organic substances) to dryness ii a porcelain dish on a water bath, 
cool, moisten with fuming or concentrated nitric acid and again evaporate to dryness. 
Then mix the residue with three times its volume of a mixture containing 2 parts 
sodium nitrate and 1 part sodium carbonate. Thoroughly dry this mixture upon the 
water bath and introduce small portions at a time into a porcelain crucible containing 
a little fused sodium nitrate heated to redness. After the final addition heat the crucible 
a short time, introducing possibly a little more sodium nitrate until the fused mass is 
colorless. In the presence of copper the melt is gray or black from copper oxide. 
Sodium arsenate, sodium pyro-antimonate, sodium stannate as well as stannic oxide 
and copper oxide may be present. Soften the cold melt with hot water and wash into 
a flask. Add a little sodium bicarbonate to decompose the small quantity of sodium 
stannate possibly in solution and precipitate all the tin as stannic oxide and then 
filter. The filtrate contains any arsenic present as sodium arsenate and the residue may 
tontain sodium pyro-antimonate, stannic and copper oxide. 

Marsh Test for Arsenic. Acidify the filtrate with arsenic-free sulfuric acid. 
Evaporate in a casserole over a free flame, and add sufficient arsenic-free sulfuric acid 
to expel nitric acid. Heat until copious white fumes of sulfuric acid appear. Arsenic 
if present is in the form of arsenic acid and is tested in the Marsh apparatus (Fig. 384). 


Fig. 384. One form of Marsh apparatus used in testing for arsenic. 


Place about 30 grams of arsenic-free granulated zinc in flask A. B should be packed 
with anhydrous calcium chloride. Since pure acid invariably will not react with pure 
zinc it is necessary to add about 100 milligrams of copper sulfate, thereby forming 
an electric couple and causing hydrogen to be formed as soon as acid is added. Stopper 
tightly and pour 50 ml. cold, dilute, arsenic-free sulfuric acid (1 volume concentrated 
sulfuric acid: 5 volumes distilled water) into the funnel and regulate the flow of this 
acid upon the metal so that the hydrogen will not be generated too violently. The flask 
should be kept cool during the analysis by keeping it surrounded with cool water. 
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If the temperature gets too high, sulfur dioxide is formed and this in the presence of 
hydrogen is reduced to hydrogen sulfide (H2S), which interferes with the test. All 
joints of the apparatus should be tight to avoid escape of arseniuretted hydrogen 
(AsH3;), commonly called “arsine” and also to prevent explosions. Air should be 
completely expelled before igniting to prevent explosion. To tell when this point is 
reached, collect hydrogen in a dry test tube until it ignites without detonation when 
carried to a flame. It may require as long as 30 minutes to expel the air. Test the 
hydrogen to insure its entire freedom from arsenic. Neither the arsenic mirror nor spot 
appear. With the hydrogen burning at the outlet, gradually introduce the perfectly cold 
sulfuric acid solution containing arsenic in small portions into the flask A by means 
of the same funnel. At the same time heat ignition tube C to redness just back of the 
constriction D. Keep reaction mixture cool by surrounding with cold water. Heat pro- 
motes the formation of hydrogen sulfide by reduction of sulfuric acid. Hydrogen 
sulfide is in turn decomposed on ignition to sulfur which may lead to the formation 
of a “false mirror.” Also, if the stream of gas is too rapid, arsenic may be lost. If the 
solution contains arsenic, a shining metallic arsenic mirror is deposited just beyond 
the point of ignition. Antimony will give a mirror before and beyond the point of 
ignition. If organic substances are present a carbon mirror may be formed, and 
selenium will produce a yellowish-red or brownish-red mirror. If the flame is removed 
from C and a cold porcelain dish pressed down on the arsenic hydrogen flame at the 
tip, a brownish black spot is formed upon the dish. This spot dissolves readily in 
sodium hypochlorite solution (Dakin’s). Antimony spots will not dissolve. 

Extinguish the flame at the end of tube C and hold in the escaping gas a strip of 
filter paper moistened with concentrated silver nitrate solution (1:1). A yellow stain 
appears if the hydrogen contains arsenic and a drop of water. (See note regarding 
presence of “normal arsenic” under Reinsch test.) 

Metallic Poisons II. Over the substance on the filter paper remaining after the 
treatment with the hot ammonium sulfide mixture there are poured several small 
amounts of warm, rather dilute nitric acid (1 volume concentrated nitric acid: 2 vol- 
umes water). Mercuric sulfide does not dissolve but all the other sulfides pass into 
solutions as nitrates. The filtrate may contain lead, copper, bismuth, and cadmium, 
and specific tests are available for their recognition. (If the filtrate contains lead, 
dilute sulfuric acid produces a white precipitate of lead sulfate.) 

Test ror Mercury. Treat the substance remaining on the filter paper after nitric 
acid treatment, even though not black, with a little hot dilute hydrochloric acid con- 
taining a crystal of potassium chlorate, and pass the acid through the paper several 
times. Evaporate the filtrate to dryness in a porcelain dish upon the water bath and 
dissolve in 5 ml. of 5 per cent hydrochloric acid, filter and test the filtrate for mercury 
as follows: 

(a) Stannous Chloride Test. Add to a portion of the filtrate a few drops of stan- 
nous chloride solution. A white precipitate of mercurous chloride appears if mercury 
is present. Excess of stannous chloride, especially if heat is applied, reduces this 
precipitate to gray metallic mercury. 

(b) Copper Test. Put a few copper slugs (previously cleaned in concentrated nitric 
acid and washed) into a portion of filtrate. Mercury deposits as a gray spot on standing 
or on heating. Wash the slugs successively in water, alcohol, and ether. Dry thoroughly 
and heat in a small bulb-tube of hard glass. Mercury sublimes and collects in small 
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metallic globules on the cold sides of the tube. A trace of iodine vapor introduced into 
the tube immediately transforms the gray sublimate into scarlet mercuric iodide. 
The following outline shows the general plan of this system of analysis. 


Material: 
Treated with hydrochloric acid and potassium chlorate. Dilute sulfuric acid. Filter. 


Filtrate: Precipitate tested 
Saturate with warm hydrogen sulfide. for silver, lead, 
barium. 


Precipitate: Filtrate tested for 


Treated with hot ammonium sulfide and am-| chromium, zinc. 
monium hydroxide. 


Filtrate tested for arsenic, | Precipitate tested for 
antimony, tin, copper. | mercury, lead, bismuth, 
(Metallic Poisons I.) copper, cadmium. 

(Metallic Poisons IT.) 


DETECTION OF LEAD 


Preliminary Treatment: Feces and Tissues. 1. Free from water by heating in 
a porcelain dish (Coors). 

2. After the material begins to char, bring to a dull red heat and ash. Ashing must 
be very carefully conducted at a temperature well below full red heat, otherwise part 
or all of the lead will be lost by volatilization. Fecal material usually ashes readily, 
but the tissues form a residue which must be repeatedly extracted before the entire 
char is consumed. Usually the material requires re-ashing as a certain quantity of 
inorganic salts fuse and prevent complete oxidation. 

Dissolve in hydrochloric acid diluted with an equal part of water and boil for 
about 20 minutes. Dilute with distilled water and filter while hot. 

3. After the first ashing the material should be cooled. It is essential that all the 
ash be dissolved, for frequently lead phosphate is present as an insoluble residue which 
may be mistaken for silica. If this residue is insoluble in hydrochloric acid it should be 
treated with a mixture of hydrochloric and tartaric acids (which dissolves lead phos- 
phate), until the ash is quantitatively dissolved. (Tartaric acid even of good quality 
usually contains lead and, therefore, should be tested with hydrogen sulfide). 

Urine. 1. Ammonium hydroxide is added to urine until it is strongly ammoniacal. 
This mixture is allowed to stand for an hour. In this reaction the earthy phosphates 
are precipitated and lead phosphate is carried down. 

2. The gelatinous mass of phosphates settles into a compact mass from which the 
clear lead-free liquor may be decanted and the remainder rapidly filtered by suction 
on a Buchner funnel. 

3. The filter paper containing the precipitate is ashed and the precipitate com- 
pletely dissolved in dilute hydrochloric acid with the aid of heat if necessary. (The 
urine must be either freshly collected or well preserved with thymol, because crystal- 
line phosphates which form when urine is allowed to become ammoniacal on standing, 
do not completely remove the lead. Heating ammoniacal urine to increase the rate of 
settling of phosphates prevents complete recovery of lead.) 
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Procedure. 1. Carefully neutralize the hydrochloric acid solution with dilute 
sodium hydroxide using methyl orange as indicator. Add dilute hydrochloric acid until 
the solution is just acid to methyl orange. 

2. Saturate the cold solution with washed hydrogen sulfide. If sulfides precipitate 
to any great extent during this process, they may be separated at once, but if no 
precipitate appears, the solution, saturated with hydrogen sulfide, should be allowed 
to stand overnight. Centrifuge and wash with boiled distilled water, three times 
altogether. (FeS is easily oxidized by the air to soluble FeSOx.) 

3. Dissolve the precipitate in nitric acid (3 to 5 ml. concentrated). Boil to expel 
hydrogen sulfide, cool, and neutralize with dilute sodium hydroxide, using phenol- 
phthalein as indicator. 

4. Acidify with dilute acetic acid, and add an excess of potassium chromate, 2 or 
3 drops of a saturated solution. If the solution is held against a dark background 
during this process a slight turbidity may be observed around the drop of added 
chromate in the presence of even very minute quantities of lead. To hasten the reaction 
the solution should be boiled for a few minutes. If no turbidity is apparent the solution 
should be allowed to stand overnight. A yellow precipitate indicates the presence of 
lead. 

5. If quantitative estimation is desired, proceed as follows: filter, wash with warm 
water to remove all soluble chromate from the filter paper, and wash the precipitate 
completely into an Erlenmeyer flask. Wash the filter paper with 2 to 5 ml. of 1:1 solu- 
tion of hydrochloric acid followed by warm water, and collect in the same flask. The 
precipitate dissolves readily in hydrochloric acid. Add an excess of potassium iodide 
solution at once and titrate the liberated iodine with N/200 sodium thiosulfate, a drop 
or two of starch being added near the end-point as indicator: 


1 ml. N/200 sodium thiosulfate = 0.345 milligram lead. 


When only small amounts of lead (less than 1 milligram) are present, use a micro- 
buret graduated in 0.02 ml. The sodium thiosulfate should be made up and preserved 
with suitable precautions for prevention of decomposition by carbon dioxide. Restand- 
ardize once a week. 
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Principle. The organic matter is destroyed by wet digestion, the lead removed as 
the dithizone complex in chloroform from alkaline solution and then from the chloro- 
form with acidulated water. The resulting red color is measured in the photoelectric 
colorimeter using green filter Nos. 51 or 52. 

Reagents. ConceNTRATED HyprocHLoric ACID SATURATED WITH SopiuM 
CHLORIDE. 

CONCENTRATED AND | Per Cent Nitric ACID. 

CONCENTRATED SULFURIC ACID. 

GractAL Acetic ACID. 

Percutoric Acip, 72 Per CENT. 

CoNCENTRATED AMMONIUM HyproxipE. Distill C.P. ammonia in an all glass 
(Pyrex) still. Keep in a glass-stoppered Pyrex bottle. 

Citric Acip SoLuTIon. Dissolve 4 gm. of the monohydrated acid in 100 ml. of 0.1 
per cent salicylic acid. 
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CaLciumM CHLoRIDE, 10 PER CENT. 

AMMONIUM OXALATE, C.P. 

CHLOROFORM, REDISTILLED. 

Potassium CYANIDE, 10 PER CENT. 

DITHIZONE SOLUTION (Stock). Dissolve about 100 mg. of the commercial reagent 
(Eastman) in 20 to 25 ml. of chloroform in a 125 ml. separatory funnel and shake out 
4 times with 15 ml. portions of ammonium hydroxide solution (made by diluting the 
concentrated reagent with 99 parts of distilled water). The dithizone passes into the 
aqueous phase. Draw off and discard the chloroform layer and filter the aqueous 
extract through a pledget of cotton inserted in a funnel into another separatory funnel. 
Acidify slightly (litmus) with dilute hydrochloric acid and extract the precipitated 
dithizone 3 times with 20 ml. portions of chloroform. Combine the chloroform extracts 
in a separatory funnel and wash twice with distilled water. Draw off the chloroform 
solution into a dark glass-stoppered bottle and add chloroform sufficient to make 
100 ml. This solution will keep a long time in the refrigerator. 

DiITHIZONE SoLuTION (DituTeE). A sufficient quantity is prepared for use by 
diluting 1 volume of the stock with 29 volumes of chloroform. 

Stock STANDARD LEap SoLuTIon. Dissolve 0.160 gm. of crystalline lead nitrate 
in a 1 liter volumetric flask; add about 10 ml. of concentrated nitric acid and dilute 
to the mark with water. This keeps a long time (1 ml. = 0.1 mg. lead). 

WorKING STANDARD LEAD SoLuTIon. Dilute 10 ml. of the stock to 100 ml. in a 
volumetric flask with 1 per cent nitric acid (1 ml. = 0.01 mg. lead). This weaker 
solution does not keep well because lead tends to separate out. 

Digestion of Blood. 1. Measure 10 ml. of blood into a 300 ml. Kjeldahl flask, 
add 15 ml. of concentrated nitric acid and warm gently in a fume cupboard. If frothing 
becomes excessive remove from the flame and allow to cool. When the reaction has 
subsided resume heating until the volume is reduced to about 5 ml. 

2. Add 2 ml. of concentrated sulfuric acid and continue heating until copious 
fumes are evolved. 

3. Add 2 ml. of perchloric acid and heat for about 5 minutes after fumes appear. 
The final volume should be about 3 ml. 

Digestion of Urine. 1. Place 100 ml. of urine in a glass-stoppered cylinder and 
adjust to approximately pH 4.5 with bromcresol green by the dropwise addition of 
glacial acetic acid. 

2. Add about 0.5 gm. powdered ammonium oxalate and mix. 

3. Add 2 ml. of 10 per cent calcium chloride solution and shake thoroughly. 

4. Transfer to 2 Folin digestion tubes, let stand 20 minutes, and then centrifuge. 
Discard the supernatant. 

5. Dissolve the precipitate in 1 of the tubes with about 2 ml. of hydrochloric acid 
and transfer all of the solution, with the aid of 10 to 15 ml. of distilled water, to the 
other tube. 

6. Heat this tube over a micro burner until the solution has a volume of about 2 
ml.; add 2 ml. of perchloric acid and continue heating until the digest is colorless 
(about 10 minutes). 

Solution of the Digest. 1. Dissolve the digestion residue (from either blood or 
urine) by the addition of 5 ml. of the sodium chloride-hydrochloric acid reagent, 
warming, if necessary, to bring any insoluble material into solution. 
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2. Drop a piece of litmus paper into the flask or tube and add ammonium hydroxide 
solution until just alkaline. 

3. Add 5 ml. of the 4 per cent citric acid to the warm mixture. This should re- 
dissolve any precipitate occurring when the ammonia was added. Further warming 
will hasten solution. 

Isolation With Dithizone. 1. Transfer the solution to a 125 ml. separatory 
funnel, add 1 drop of thymol blue indicator and 5 ml. of 10 per cent potassium cyanide 
followed by ammonium hydroxide dropwise until a pH of 8.5 is attained (blue-green 
to blue with thymol blue). 

2. Immediately extract the lead by shaking with a 5 ml. portion of the dithizone 
working solution. Allow the layers to separate and note the color of the chloroform 
phase. The lead-dithizone complex is red; if excess of the green dithizone solution has 
been used the chloroform will be an intermediate color of purple or crimson. Observa- 
tion of this color will furnish a clue to the progress of the extraction and dictate the 
amount of the next portion of dithizone solution required. 

3. Draw off the chloroform layer into a small separatory funnel and continue the 
extraction with a 5 ml. (or smaller) portion of dithizone solution, adding this chloro- 
form portion to the previous extract. Continue the extraction if necessary with smaller 
portions of dithizone until the green color of the added dithizone solution remains 
unchanged. 

4. To the combined chloroform extracts add 20 ml. of 1 per cent nitric acid, shake, 
allow the layers to separate and run the chloroform into a second separatory funnel. 

5. Run the acid solution into a 25 ml. graduated cylinder through a small pledget 
of cotton inserted in the stem of a funnel. 

6. Wash the chloroform extract in the second separatory funnel with 5 ml. of 
1 per cent nitric acid, discard the chloroform fraction and run the acid solution (which 
should be colorless) into the cylinder through the same funnel. Make to 25 ml. with 
1 per cent nitric acid and read in the colorimeter against a water zero. 

7. A blank, using 10 ml. of distilled water, is carried through the entire procedure 
as for blood. Read in the colorimeter. 

8. The lead from 1 ml. of the working lead standard is extracted with dithizone 
solution beginning with “Isolation with Dithizone.” Read in the colorimeter. 

Calculation. Subtract the reading of the blank from the unknown; then 

0.1 
reading of standard 
blood per 100 ml. or mg. of lead in urine per liter. 

Notes. 1. The limiting factor in the determination of minute quantities of lead 
by the dithizone isolation and colorimetric procedure is probably the size of the reagent 
blank. With special care in the selection of the reagents and the use of clean glassware, 
the blank may be reduced to as low as 1 microgram. Most chemicals, with the possible 
exception of the cyanide, can now be purchased free of lead. The ammonia should, 
however, be distilled as indicated. All chemicals, including the distilled water, can be 
readily checked qualitatively for the presence of lead with dithizone and, to a certain 
extent, running through the blank and standard as indicated will serve to cancel out 
small amounts of contamination. The blank and standard should be run in duplicate 
and need not thereafter be determined for each unknown unless the reagents are 


changed. 


(= factor) X corrected reading of unknown = mg. of lead in 
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2. Another source of lead contamination is in the collection of the samples, espe- 
cially the urine sample. The glass container for the urine sample should be lead-free 
and capped with a plastic cap. Gross errors are very likely to occur unless such precau- 
tions are taken. 

3. The blood of normal individuals may show as much as 0.06 mg. of lead per 
100 ml. and the urine up to 0.08 mg. of lead per liter. 

4. In workers in certain industries with abnormal lead exposure as much as 0.07 
mg. per cent may be found in the blood and 0.10 mg. per liter in the urine without 
showing clinical plumbism. 


DETECTION OF MERCURY 


Principle. In this method by Maren (J. Lab. & Clin. Med., 1943, 28:1511) organic 
matter is destroyed by wet digestion, the mercury extracted as the yellow dithizone 
complex, and the color measured in the photoelectric colorimeter. 

Reagents. Sutrurtc Acip, CONCENTRATED. 

Nitric Actp, CONCENTRATED. 

HypROXYLAMINE HypDROCHLORIDE SOLUTION, 20 PER CENT. 

Hyprocutoric Acip, APPROXIMATELY 0.5 N. 

DITHIZONE SOLUTION. 10 mg. per liter of chloroform. 

MERCURY STANDARD. In a | liter volumetric flask dissolve 0.1353 gm. of reagent 
brand mercuric chloride in 500 ml. of 0.5 N hydrochloric acid, dilute to the mark with 
water (1 ml. = 0.1 mg. of mercury). 

WorkINc Mercury STANDARD. Transfer 4 ml. of the mercury standard to a 1 liter 
volumetric flask, add about 500 ml. of 0.5 N hydrochloric acid and dilute to the mark 
with water (25 ml. = 10 micrograms of mercury). 

Procedure. 1. Place about 5 gm. or 5 ml. of the material, accurately weighed or 
measured, into a 300 ml. long-necked Kjeldahl flask fitted with a reflux air condenser 
about 20 inches long. 

2. Add 5 ml. of concentrated sulfuric acid and 15 ml. of concentrated nitric acid 
and warm gently. 

3. After the initial foaming has subsided, heat strongly until nitric acid fumes have 
ceased to be evolved and fumes of SOs appear. If charring occurs before this, cool the 
digest somewhat and add 5 to 10 ml. more of nitric acid and resume heating. 

4. Cool the digest somewhat, add 12 to 13 ml. of 0.5 N hydrochloric acid and trans- 
fer quantitatively to a separatory funnel with the aid of about 10 ml. of distilled water. 

5. Add 2 ml. of the hydroxylamine solution. 

6. In another separatory funnel place 25 ml. of the working mercury standard. 

7. Add to each, 10 ml. of the dithizone reagent and shake each thoroughly to 
extract the mercury from the aqueous phase. 

8. Let stand until the layers separate, then run off the chloroform solutions through 
pledgets of cotton, inserted in ordinary funnels, into colorimeter tubes. 

9. Using color filter No. 49 and a zero setting obtained from the dithizone solution, 
read the colors of unknown and standard. 

Calculation. rend So a (= factor) X reading of unknown — mg. of 
mercury in the sample. Divide this result by the amount of sample taken and multiply 
by 100 for mg. per cent of mercury. 
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Notes. 1. The amount of dithizone used is sufficient for about 25 micrograms of 
mercury; if more than this amount is expected, use a smaller sample or dilute the 
digest to a definite volume with 0.25 N hydrochloric acid and use a 25 ml. aliquot. 

2. The mercury dithizone is sensitive to light; therefore, during the extraction 
avoid direct sunlight. 

3. The method cannot be used if the noble metals are present. 


DETECTION OF ARSENIC 


Principle. In this method by Gutzeit the organic matter is destroyed by wet diges- 
tion and the arsenic estimated by the effect of the arsine generated from it on strips of 
mercuric bromide paper as compared to strips which have been acted on by arsine from 
known amounts of arsenic. 

Reagents. CONCENTRATED SULFURIC ACID. 

CoNCENTRATED Nitric Acip. 

CoNCENTRATED HyprocHLoric ACID. 

HyprRoGEN PEROXIDE, 30 PER CENT. 

Sopium SULFATE, ANHYDROUS POWDER. 

Zinc METAL, 20 or 30 MEsuH. 

STANNOUS CHLORIDE SoLuTION. Dissolve 40 gm. of SnCl,2H;O in concentrated 
hydrochloric acid. Make up to 100 ml. with concentrated hydrochloric acid. 

Mercuric BRoMIDE SOLUTION, 5 Per CENT IN ALCOHOL. 

Porassium IopiIpE SOLUTION, 15 PER CENT. 

SAND. 30 mesh white sea sand that has been acid washed and ignited. 

Leap ACETATE SOLUTION, 10 PER CENT. 

Stock STANDARD ARSENIC SOLUTION. Place 1.32 gm. of arsenious oxide in a 1 liter 
volumetric flask. Add 35 ml. of 20 per cent sodium hydroxide solution and shake until 
dissolved. Dilute to the mark with water (1 ml. = 1.0 mg. arsenic). Transfer 20 ml. 
of this solution to a 1 liter volumetric flask and dilute to the mark. 

WoRKING STANDARD ARSENIC SOLUTION. Transfer 50 ml. of the second arsenic 
dilution to a 1 liter volumetric flask and dilute to the mark (1 ml. = 0.001 mg. of 
arsenic). 

Mercuric BroMIpE PAPER, SENSITIZED. Use commercial arsenic paper strips that 
are exactly 2.5 mm. wide and about 12 cm. long. Soak the strips for about 1 hour 
in the mercuric bromide solution. Remove the strips from the solution and dry them 
by waving in air. Just before complete dryness, place them between clean sheets of 
paper and subject them to pressure long enough to take out bends or curls. Store in 
a dry dark place. Just before use cut off 1 cm. squarely from the end to be inserted. 

Arsine Generators. Mark 2 0z. wide-mouthed bottles of uniform design at 40 ml. 
on opposite sides of their circumference (A, Fig. 385) and fit each bottle by means 
of a perforated rubber stopper (F) with a glass tube (B) 1 cm. in diameter and 
6 to 7 cm. long with a constriction at one end to facilitate connection. Place a small 
wad of glass wool (C) in the constricted bottom end of each tube and 4 gm. of the 
sand (D), making sure that the same amount of sand is in each tube. Moisten the 
sand with the lead acetate solution, removing excess solution by light suction. Above 
tube B connect a narrow glass tube (E) of 2.6 to 2.7 mm. internal diameter and 


10 to 12 cm. long. 
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Preparation of Standard Arsenic Strips. 1. Insert a sensitized paper strip into 
each of 5 of the narrow tubes (E) in such a position that about 1 cm. protrudes beyond 
the ends of the tubes. Bend this portion over the outside of the glass so that it forms 
a Support for the paper. 

2. Place in 5 generator bottles (A), 1, 5, 10, 20 and 30 ml. portions of the working 
arsenic standards equivalent to 0.001, 0.005, 0.010, 0.020 and 0.030 mg. of arsenic. 
Add to each bottle 5 ml. of concentrated hydrochloric acid and water sufficient to bring 
the total volume in each bottle to 40 ml. 

3. Add to each bottle 1 gram sodium sulfate, 5 ml. of the potassium iodide solution 
and 4 drops of the stannous chloride solution. Mix and heat to 90° C. on a water bath 
for 5 minutes and then cool to room temperature under running tap 
water. 

4. Place the stoppers (F) loosely in position in the bottle, tube E 
having previously been tightly connected. 

Weigh out 5 gm. of the zinc on a clean filter paper which has 
been creased in such a manner as to make a trough. 

6. Raise stopper F slightly above the mouth of the bottle and 
pour the zinc in as rapidly as possible. Immediately insert the stopper 
tightly and place the generator in water at 20° to 25° C. for 1% 
hours. The water should completely cover the generator bottle and 
the temperature should be kept below 25° C. by the addition of 
small portions of ice if necessary. 

7. Remove the strips of paper and measure the length of the 
stain on both sides in mm. Average the 2 dimensions and plot a graph 
on cross-section paper using average length of stain in mm. as 
ordinates and the corresponding mg. of arsenic as abscissa. 

Ashing of Unknown. 1. Use a quantity of sample to contain not 
more than 0.025 mg. of arsenic. 

2. Place the weighed or measured sample in a 300 ml. Kjeldahl 
flask and add 25 ml. of concentrated nitric acid, then cautiously 10 
ml. of concentrated sulfuric acid. 

3. Place each flask in a fume cupboard on a Chaddock burner 
covered by an asbestos ring having a 1 inch hole. Warm slightly and 
discontinue heating if foaming becomes excessive. 

4. When the reaction has subsided, resume heating until the 
mixture begins to darken. The solution must not be permitted to char 
as arsenic will be lost. 

5. Remove from the flame, cool slightly, add 25 ml. more of the 
nitric acid and resume heating until fumes of SOs begin to be evolved. 
Fig. “ee Ep 6. Remove from the flame, allow to cool somewhat and cautiously 

Saneraton «ap: add 5 drops of 30 per cent peroxide. Resume heating until SO; fumes 
paratus. are again evolved. 

7. If the solution is not now water clear or at most only a light 
yellow, repeat the addition of nitric acid, followed by the addition of peroxide. In any 
case the final heating to copious fuming should be made after the addition of the 
peroxide in order to eliminate the last traces of oxides of nitrogen. 

8. When the organic matter has been completely oxidized, as indicated by the color 
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of the solution, allow the contents of the flask to cool to room temperature and then 
wash down the sides of the flask with about 10 ml. of distilled water. 

9. Drop in a piece of litmus paper and cautiously add 40 per cent sodium hydroxide 
solution until just neutral; then add 5 ml. of concentrated hydrochloric acid. 

10. Pour the contents of the flask into a generator bottle, rinsing the flask with 
as much distilled water as is required to bring the final volume in the bottle to the 
40 ml. mark. 

11. Add the iodide and stannous chloride solutions as just directed for the stand- 
ardization procedure; place a strip of sensitized bromide paper in position and proceed 
with the evolution of the arsine under exactly the same conditions as used in preparing 
the standard strips. 

12. Measure and average the length of the stain on both sides of the strip and 
locating this length on the standard graph, read off on the abscissa the quantity of 
arsenic present in the sample. 

Notes. 1. All the reagents, of course, must be arsenic free. Check this by running 
through the entire procedure with 1 gram of pure sugar as the sample. 

2. Clean the sand in tube D, when necessary, without removing the sand from the 
tube by pouring through a little nitric acid followed by a water rinse and suction. 
Then once more moisten the sand with lead acetate solution. 

3. Clean and dry tube E before each using. An ordinary pipe cleaner may be used. 

4. Tube E should not be more than 1 or 2 mm. in internal diameter greater than 
the width of the paper strip; a wider tube permits the paper to curl, resulting in an 
uneven stain and a poor end point. Uneven staining may also result if the sensitized 
strip is more than | week old. 

5. If more arsenic than 0.030 mg. is anticipated, wash the digest without previous 
neutralization into a 100 ml. cylinder, cool and dilute to the mark with water. Then 
pipet the proper aliquot into the generator bottle, neutralize with alkali, add the 
hydrochloric acid, dilute to 40 ml. and proceed with the arsine evolution as under 
Procedure. 

6. Since values as low as 0.001 mg. of arsenic are readily determined by this 
method the presence of arsenic will frequently be detected in normal urine. This is 
the so-called “normal” arsenic excretion. 


DETECTION OF CARBON MONOXIDE IN THE BLOOD 

Tannic Acid Test. Prepare a solution of 1 part of blood with 4 parts of distilled 
water. Add 3 volumes of a 1 per cent solution of tannic acid solution and shake well. 
Normal blood is gray, but in the presence of carbon monoxide the blood gives a cherry- 
red (carmine red) color. 

Pyrogallic-Tannic Acid Test. 1. Procure about 10 ml. of normal blood which 
has been prevented from clotting by the use of an anticoagulant (potassium or sodium 
citrate is the anticoagulant of choice) in the proportion of 0.05 gram per 10 ml. of 
blood. 

2. Pipet 3 ml. of blood into a 50 ml. graduated cylinder and dilute with distilled 
water to the 30 ml. mark. 

3. Saturate the rest of the blood with 3 to 5 per cent carbon monoxide gas (“illu- 
minating gas” may be used) and then dilute 3 ml. to a volume of 30 ml. with distilled 


water. 
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4. From these solutions of oxyhemoglobin and carbon monoxide hemoglobin, mix- 
tures are made which vary from 0 to 100 per cent in steps of 10 as follows: 


PER CENT CARBON MONOXIDE HEMOGLOBIN, ML. OXYHEMOGLOBIN, ML. 


Two ml. amounts of these solutions are placed in small test tubes of uniform bore. 

5. To each standard thus prepared are added 2 ml. of strictly fresh pyrogallic- 
tannic acid solution and the tubes are inverted twice to insure mixing. Do not shake. 

6. The tubes should be sealed immediately by pouring a little melted paraffin on 
top of the contents while the tube is immersed in cold water as a precaution against 
overheating. 

Method of Sayers and Yant. Dilute 0.5 or 1 ml. of the whole blood to be analyzed, 
prevented from clotting by the addition of an anticoagulant, 1:10 with distilled water. 

2. Pipet 2 ml. of this diluted blood into a test tube uniform in bore with those of 
the standards and add with a pipet 2 ml. of strictly fresh pyrogallic-tannic acid solu- 
tion. Invert the tube several times to insure mixing. Do not shake! 


REAGENT 
‘Tanniqacide GPa? percent sol) ees oe ee ee eee 25 ml. 
Pyrogalliciacidm GPa (@2ipericent sol) sae eee 25 ml. 


To be made up fresh. 


3. Let stand 15 minutes and read against the standards. If carbon monoxide is 
present, let stand 15 minutes longer, read and report the latter reading as “per cent 
blood saturation with carbon monoxide.” 

Notes. 1. In carbon monoxide bloods prevented from clotting by oxalate, there is 
an appreciable change of carbon monoxide to carbon dioxide on standing. This is not 
true when citrate or sodium fluoride are used. 

2. When saturating blood with carbon monoxide, in order to prevent loss of blood 
due to excessive foaming, the operation should be carried out in a beaker with constant 
stirring. 

3. The blood for the standards should be saturated with carbon monoxide before 
it is diluted with distilled water in order to minimize the volume of carbon monoxide 
gas physically dissolved in the resulting solution. 

4. If it is desired to preserve the standards, air must be excluded. The tube walls 
above the paraffin should be thoroughly dried and a permanent seal made by placing 
a disk of cardboard on top of the paraffin and filling the remainder of the tube with 
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ordinary sealing wax. Standards thus prepared and kept in a cool place will retain 
their permanence for 1 to 2 weeks, not changing enough to interfere with the accuracy 
of the determination. 

5. This method is not reliable for a CO blood content below about 10 per cent. 
For smaller amounts the succeeding method is recommended. 

Method of Roughton. Principte. According to this method (J. Biol. Chem., 1941, 
137:617) the blood is laked and shaken in the Van Slyke-Neill closed type manometric 
apparatus with sodium glycinate-hyposulfite mixture which unites chemically with 
the Oz and COs, the liberated Nz is ejected and the pressure of the CO which is then 
evolved with ferricyanide is measured. 

REAGENTS. Saponin solution 1 Per Cent. 

Glycinate-Hyposulfite Solution. 3.75 gm. of glycine are dissolved in 45 ml. of 
carbonate-free 1 N sodium hydroxide and 1 gram of sodium hyposulfite added. Dis- 
solve with a minimum of shaking and make up to 50 ml. To be used only on the day 
of preparation. 

Potassium Ferricyanide Solution, 32 Per Ceni. 

Caprylic Alcohol. 

ProcepurE. 1. Draw 4 drops of caprylic alcohol into the reaction chamber of the 
Van Slyke-Neill apparatus. 

2. Place 2 ml. of the saponin solution in the cup above the chamber. 

3. Draw 2 ml. of the blood sample into the reaction chamber from a rubber tipped 
pipet placed against the stopcock so that the sample is drawn in before the saponin 
solution; then allow the saponin solution to flow in. 

4. Close the upper stopcock and lake the blood by shaking for 1 minute. 

5. Open the stopcock and draw in 1.5 ml. of the glycinate-hyposulfite mixture into 
the chamber which is then covered with black paper. 

6. Close the upper stopcock, seal with a few drops of mercury, open the lower 
stopcock and evacuate the reaction chamber by lowering the mercury level to the 
50 ml. mark. 

7. Shake for 3 minutes, remove the black paper and carefully eject the liberated 
nitrogen by slowly raising the mercury level with the upper cock open until the liquid 
level rises to the bore of the stopcock. 

8. Draw 0.5 ml. of the ferricyanide into the chamber, close and seal the upper 
stopcock with mercury and again evacuate the reaction chamber by lowering the mer- 
cury level to the 50 ml. mark. | 

9. Shake for 10 minutes, then measure the gas pressure at the 2.0 or 0.5 ml. mark, 
depending on the amount of CO present. 

10. Eject the liberated gas carefully as before, then close the stopcock and read 
the mercury column at the same volume (2 or 0.5 ml.) at which the gas pressure was 
determined. 

11. Determine a blank correction with water in place of blood. It usually does 
not exceed 0.5 mm. of mercury. 

12. Note the temperature. 

CaLcuLATION. The difference between the two pressure readings (9 and 10) minus 
the blank is multiplied by a constant to give the carbon monoxide in volume per cent. 
The constant varies with the temperature and may be obtained from Table 77. 
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TABLE 77. FACTORS FOR CALCULATION OF CO CONTENT OF BLOOD. 


Volume Per Cent CO 


Temperature 


oC: 
15 
16 


DETECTION OF METHEMOGLOBIN 


Principle. The method depends upon the fact that both hemoglobin and methemo- 
globin are changed quantitatively to cyanmethemoglobin by dilute solutions of potas- 
sium cyanide. The color of the latter is a brilliant orange-red and is very suitable for 
colorimetric comparison. The change of methemoglobin to cyanmethemoglobin is rapid 
even in the cold. Hemoglobin, however, changes slowly at room temperature, and this 
difficulty is avoided by converting all the hemoglobin present into methemoglobin by 
use of potassium ferricyanide and then converting the methemoglobin into cyanmethe- 
moglobin. The resulting solution of cyanmethemoglobin is compared with a standard 
of known strength in a Duboscq colorimeter. 

The total amount of hemoglobin plus methemoglobin having thus been determined 
colorimetrically, the hemoglobin content of the blood containing the 2 pigments (hemo- 
globin and methemoglobin) is determined separately from the oxygen capacity, em- 
ploying the gasometric technic of Van Slyke. The hemoglobin determined by the 
oxygen capacity is subtracted from the hemoglobin plus methemoglobin determined 
together as cyanmethemoglobin; the difference is methemoglobin. 

Standard. 1. The hemoglobin content (grams per 100 ml.) is determined gaso- 
metrically. 

2. Then place 10 ml. of oxalated or defibrinated blood, which is known to contain 
no methemoglobin, in a 500 ml. flask. 
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3. Hemolyze by adding 300 ml. distilled water. 

4. Add 2.5 ml. of 3 per cent potassium ferricyanide solution and let stand 20 
minutes. 

5. Now add 25 ml. of 0.1 per cent potassium cyanide solution and dilute to 500 ml. 

The blood pigment value of this solution is known from the gasometric determina- 
tions and the unknown may be compared directly with it or suitable dilutions of the 
standard may be made. 

Example of calculation: strength of standard equals 15 grams hemoglobin per 
100 ml. blood. Comparison of cyanmethemoglobin in colorimeter: standard 10, un- 
known 12. Unknown has 10/12 of 15 or 12.5 grams of total blood pigment per 100 ml. 
Gasometric determination of hemoglobin equals 10 grams per 100 ml. Therefore, 
sample has 12.5 less 10 or 2.5 grams of methemoglobin per 100 ml. 

Procedure. 1. Two ml. of oxalated whole blood are placed in a 100 ml. flask and 
50 ml. of distilled water are added, which produces hemolysis in a few seconds. 

2. Add 0.5 ml. of a M/10 (3 per cent) solution of potassium ferricyanide, and let 
stand 20 minutes. 

3. Now add 5 ml. of a 0.1 per cent potassium cyanide solution. The change to 
cyanmethemoglobin is immediate. 

4. Water is added to the mark and the solution compared with a standard of known 
strength in a colorimeter. The result is the hemoglobin plus methemoglobin which is 
expressed as grams of “total hemoglobin pigment” per 100 milliliters of blood. 

5. Determine the oxygen capacity by the gasometric method of Van Slyke and 
multiply by 0.746 to obtain grams of hemoglobin per 100 ml. 

Calculation. Total hemoglobin pigment per 100 ml. minus hemoglobin per 100 ml. 
which can bind oxygen equals methemoglobin per 100 ml. 


DETECTION, OF GYANIDES 


Principle. The principles involved are clearly indicated under the various pro- 
cedures outlined. Great care must be exercised in carrying them out because of the 
dangers to the analyst and because of the interfering substances. 

Organs Best Suited for Analysis. If the poison has been taken by mouth, the 
stomach contents and brain should be analyzed. Analysis of the brain is necessary for 
the purpose of ruling out the possibility of the poison having been introduced into the 
stomach after death. If the poisoning resulted from inhalation, the lungs and brain 
must be examined. In cases of poisoning by inhalation, usually none, or only the very 
faintest trace, is found in the stomach contents. This is of tremendous importance from 
the mediocolegal aspect. 

Method of Isolation of Cyanide. The tissues are cooled by keeping them in an 
ice-box. Two hundred to 500 grams of tissue are ground up. Care should be taken to 
keep the tissue cold since hydrocyanic acid may volatilize if warm. If stomach con- 
tents are analyzed, usually one fifth of the total volume of the contents is used. The 
ground-up tissue or the stomach contents are placed in a liter flask and acidified with 
tartaric acid. The material is then distilled with steam, using a well cooled condenser 
the tip of which is bent to serve as an adapter and dipped into 5 ml. of 5 per cent 
sodium hydroxide solution in a receiving flask. The latter should be packed in ice. 
One hundred ml. of distillate are collected, which is ample to recover all the cyanide 
present, the following tests being employed. 
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Qualitative Tests. 1. ScHONBEIN’s Test. Suspend a strip of filter paper, impreg- 
nated with guaiac and copper sulfate, over the material in a flask, the paper being 
held in place by the stopper. (Dip strip of filter paper into a freshly prepared alcoholic 
solution of guaiac 1:10; then let dry; when dry, moisten it with dilute (1:10,000) 
copper sulfate solution.) If color does not change, cyanide is absent and no further 
tests need be made. If a blue color results, cyanide may be present. The test is very 
sensitive but not specific; hydrochloric acid, nitric acid, chlorine, bromine, ozone, 
hydrogen peroxide, as well as some other substances also give a positive reaction. This 
test may be used as a preliminary one at the necropsy table. The following 2 tests 
must be employed since they are specific for cyanide. 

2. PRUSSIAN BLUE TEsT. To 5 ml. of distillate, add 3 ml. of 25 per cent sodium 
hydroxide, then a few drops of freshly prepared ferrous sulfate solution and a few 
drops of ferric chloride solution. Warm a little. Let cool and add concentrated hydro- 
chloric acid, drop-wise, until the dirty brown precipitate just dissolves; avoid excess 
hydrochloric acid. If cyanide is present, a deep blue precipitate (Prussian blue) ap- 
pears. If only a trace of cyanide is present, a green solution results instead of a blue 
precipitate, but, on standing several hours, a small flocculent Prussian blue precipitate 
settles (sensitive to one part in 50,000). 

3. Liepic’s Test. To 10 ml. of distillate, add 1 ml. of yellow ammonium sulfide 
and evaporate to dryness on the water bath. When dry, add 5 ml. of 5 per cent hydro- 
chloric acid solution, warm a little and stir well to dissolve all of the thiocyanate that 
was formed during the evaporation. Let stand 2 hours, then filter. To the filtrate, add 
5 to 10 drops of 10 per cent ferric chloride solution. If cyanide is present, a deep red 
color results. (This test is sensitive to 1 part in 10 million.) 

The following tests may be used, but they are not specific for cyanide. 

4. VorTMANN’s TEsT. To 5 ml. of distillate, add a few drops of potassium nitrate 
solution, then 2 to 4 drops of ferric chloride solution and then enough dilute sulfuric 
acid until the color of the solution becomes a bright yellow. The solution should then 
be boiled, after which cool and add ammonium hydroxide until all of the iron is 
precipitated. Filter off the precipitate. To the filtrate add a few drops of a very dilute 
solution of ammonium sulfide. If cyanide is present, a play of colors results, violet, 
blue, green, yellow. 

5. Prcric Acip Test. To 5 ml. of distillate (slightly alkaline) add a few drops of 
picric acid solution and warm gently. If cyanide is present, a red color develops (sensi- 
tive to 1 part in 1 million). 

6. PHENOLPHTHALEIN TEsT. To 5 ml. of distillate, add a few drops of alkaline 
phenolphthalein solution (reduced phenolphthalein), then a few drops of 1:2000 copper 
sulfate solution. If cyanide is present, a red color develops (sensitive to 1 part in 20 
million). 

7. SILVER Test. To 2 ml. of distillate, add nitric acid until reaction is acid, then 
add a few drops of silver nitrate solution. If cyanide is present, a white precipitate of 
silver cyanide results. 

Quantitative Test. For quantitative analysis, a weighted amount of tissue is dis- 
tilled, as described in the qualitative procedure. In the receiving flask, however, instead 
of having dilute sodium hydroxide, 20 ml. of 10 per cent silver nitrate solution is used, 
acidified with nitric acid. In order to make certain that all of the cyanide is isolated, 
distillation is continued until 200 ml. of distillate is obtained. During the distillation, 
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the cyanide precipitates as silver cyanide. This is then filtered through a previously 
weighed Gooch crucible, washed, dried and weighed. From the weight of the silver 
cyanide, the amount of cyanide in the material analyzed is calculated as HCN. 

In quantitative analysis, if the poison was taken by mouth, the entire amount of 
cyanide is determined in the gastro-intestinal tract. This is then multiplied by 100/98, 
which gives the amount in the entire body. This fraction is used because approximately 
98 per cent of the cyanide, if taken by ingestion, remains within the stomach contents. 
If the poison was introduced by inhalation or injection, parts of all the organs and 
tissues are analyzed and, from these results, the amount present in the entire body is 
calculated. 

The lethal dose of cyanide is accepted as 50 mg., calculated as hydrocyanic acid. 

The following factors interfere with the determination of the presence of cyanide. 

1. Traces of hydrogen cyanide are produced during the first few days of putre- 
faction, but this disappears in the later stages. 

2. Cyanides present in the tissues disappear during prolonged putrefaction and are 
changed to sulfocyanide. 

3. In stomach contents, where the bulk of the cyanide remains at death, putre- 
faction is of little importance. 

4. Embalming with formaldehyde interferes greatly in the tests, the cyanide form- 
ing condensation products with the formaldehyde. 

It is, therefore, important that early toxicologic analysis be made in cases of sus- 
pected cyanide poisoning. It is likewise necessary to rule out the presence of ferro- 
cyanides, ferricyanides and thiocyanates before distillation is begun, because these 
compounds, when distilled in the presence of mineral acids, yield hydrogen cyanide. 

Diffusion of the poison in a body after death has been recorded, but the process is 
extremely slow and it has been shown by Gettler, that, when cyanide is introduced into 
the stomach after death, no cyanide reaches the brain even after an interval of 2 
months. 

Although the term “‘cyanide of potassium” is generally employed in referring to 
cyanide poisoning, it is not the potassium salt, but because of its cheaper cost, the 
sodium salt that is used. 


DETECTION OF BORIC ACID 


The specimen of urine, stomach washing or finely divided tissue is made strongly 
alkaline with a solution of sodium hydroxide or sodium carbonate and evaporated to 
dryness on the water bath. It is then carefully ashed at dull red heat. The ash is 
acidified with concentrated HCl, and divided into two portions. To one portion ethyl 
alcohol is added, and then ignited. A green flame indicates boron. This flame examined 
with the spectrocope gives four characteristic absorption bands in the yellow, green, 
and blue green. The second portion is diluted with a little water and tested with 
turmeric paper. If boric acid is present the paper turns a red brown, which is intensified 
on drying. In acute poisoning by mouth it is possible to determine whether boric acid 
or borax was taken, by analyzing the stomach contents or stomach washing. The 
internal organs and the urine are useless for this purpose. If the stomach washing is 
very alkaline it indicates borax; further, if the stomach contents are first dried on the 
water bath, ethyl alcohol will extract boric acid, but not borax. If it is desired to 
estimate the amount of boron present, the material made alkaline with NayCOs is dried 
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and ashed at low red heat. The ash is then thoroughly extracted with dilute, hot 
hydrochloric acid, transferred to a volumetric flask and water added to a definite 
volume. To 10 ml. of this solution is added some turmeric solution and the color that 
is produced is compared with that of a standard boric acid solution similarly colorized 
with turmeric solution. 


DETECTION OF SODIUM CARBONATE 


The stomach contents, or the stomach washings (with water) must be used in 
analyzing for sodium carbonate (washing soda). Due to the presence of Na and CO; 
ions in the blood and tissues normally, and also due to the buffer action of the blood 
and tissue fluids, it is impossible to definitely establish whether any exogenous sodium 
carbonate is present in the blood, tissues or urine. The stomach washings can be tested 
directly, unless a large amount of food is present. If so, the stomach contents should 
be dialyzed, and the resulting dialyzate used for the tests. A strip of litmus paper is 
introduced in order to ascertain whether the material is at all alkaline. If so, a few 
drops of phenolphthalein solution are added to some of the material. A deep red color 
is produced if sodium carbonate or sodium hydroxide is present. Sodium bicarbonate 
will give only a faint pink. To differentiate between sodium hydroxide and sodium 
carbonate, hydrochloric acid is added to some of the material. The liberation of much 
gas (CO,) indicates carbonate. For the quantitative estimation, a known excess of 
N/20 sulfuric acid is added to a measured amount of the diluted and filtered stomach 
contents, then boiled one to two minutes, cooled, and the sulfuric acid remaining is 
titrated with N/20 NaOH. From the amount of sulfuric acid neutralized by the 
stomach contents, the amount of Na2COs is calculated. 


DETECTION OF POTASSIUM CHLORATE 


The stomach contents, urine, blood, or finely divided tissues are placed into a 
dialyzing bag made of collodion or parchment paper. Dialysis into distilled water is 
continued for several hours. To some of the dialysate is added an excess of silver nitrate 
solution. The resulting precipitate of silver chloride is filtered off. The clear filtrate is 
acidified with nitric acid and sulfurous acid added, and the mixture is then brought 
to boiling. If a white precipitate remains it is silver chloride from the reduction of 
the chlorate by the sulfurous acid. 

The simplest method for the quantitative estimation of the chlorate is to deter- 
mine the chloride content of an aliquot portion of the material by one of the usual 
methods. A second measured portion of the material is made strongly alkaline with 
added sodium carbonate, well mixed, dried, and carefully ignited at low red heat. This 
procedure converts the chlorate into chloride. The chloride content is now determined 
in this ignited material. From the difference between the two chloride determinations, 
the amount of chlorate originally present can be calculated. 


DETECTION OF PHOSPHORUS 


In acute (white) phosphorus poisoning, the gastro-intestinal contents are of prime 
importance from an analytical standpoint. The material is distilled in a dark room 
screening off the light from the bunsen burner. If white phosphorus is present, a 
luminescent ring will be noticed during the distillation, in the upper part of the water 
cooled condenser. For a further test, the distillate is strongly acidified with concen- 
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trated nitric acid and then evaporated to dryness on the water bath. This procedure 


converts the phosphorus to phosphoric acid, which can then be identified by the 
ammonium molybdate reaction. 


DETECTION OF ANILINE AND NITROBENZENE 


For the detection of aniline and nitrobenzene, the finely divided organs, urine, 
blood, or stomach contents are distilled with steam. If these substances are present in 
appreciable amount, the distillate is usually cloudy. To one portion of the distillate 
add two drops of chloroform and excess NaOH solution, and bring to boiling. If aniline 
is present, the very irritating and piercing odor of phenyl isocyanide develops. Should 
nitrobenzene be present, the steam distillate is shaken out with ether. The ether layer 
is allowed to evaporate spontaneously. If nitrobenzene was present, it will now be 
found in the form of a few oily globules with the characteristic odor of oil of bitter 
almonds. These drops are dissolved in alcohol. The alcoholic solution is reduced with 
powdered zinc and HCl. This converts the nitrobenzene to aniline. After making the 
solution alkaline with NaOH, the aniline obtained is tested by means of the isonitrile 
reaction as before. 


DETECTION OF ORGANIC VOLATILE POISONS 


For the detection of benzene, chloroform, ethyl-chloride, ether, carbon-bisulfide, 
carbon-tetrachloride and others of the many new volatile solvents and anesthetics 
considerable apparatus and technical skill are required which are hardly applicable in 
the average clinical laboratory. The methods are described in detail by Gettler and 
Siegel (Arch. Path., 1935, 19:208-212). 

Nearly all these compounds have a characteristic odor which can be readily identi- 
fied in the patient’s breath or vomitus or in the stomach washings. Great care should 
be taken of vomitus or gastric washings to prevent the rapid evaporation of these 
poisons. The material must be placed in a tightly stoppered container and kept in the 
refrigerator. Frequently a simple distillation of the material on a water-bath, but using 
an electric plate for heating (to prevent ignition or explosion of some of these com- 
pounds) will bring out the characteristic odor. A long condenser, preferably cooled 
with ice-water, is desirable. 


DETECTION OF METHANOL (WOOD ALCOHOL) 


1. The material (vomitus or tissue or the contents of the suspected liquid) is 
acidified with tartaric acid and enough distilled water is added to make it fluid (to a 
volume of 100 ml.) and then steam distilled. 

2. Collect 50 ml. of distillate, stopper and shake. Of this distillate 10 ml. is taken 
in a test tube and a heated copper spiral is plunged into the liquid. This is repeated 
8 times and the test tube is held under cold running water. This converts the wood 
alcohol into formaldehyde. The test tube must be kept cold. Then 2 ml. of this oxidized 
liquid is poured into another test tube and the following test is made. 

(a) Add 10 drops of a 5 per cent sodium phenylhydrazine hydrochloride solution 

(b) Add one drop of a 0.5 per cent sodium nitroprusside solution 

(c) Add 3 drops of a 10 per cent sodium hydroxide solution 

A blue color develops if formaldehyde is present, and indicates that wood alcohol 
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(methanol) is present. The intensity of the blue color gives a rough estimate of the 
amount present. 

A red color with these reagents indicates acetaldehyde which is obtained in the 
manner just described when grain (ethyl) alcohol is present. For further tests see 
A. O. Gettler (J. Biol. Chem., 1920, 42:311, 328). 


DETECTION OF EDHYE ALCOHOL IN THE BEOO@D, URINE 
AND OTHER BODY FLUIDS 


Much has been written concerning the detection of ethyl alcohol, especially in the 
presence of other alcohols, and also its medicolegal significance in intoxication. It has 
been fairly well established that the various methods to determine intoxication, such 
as an estimation of the amount found in the urine or expired air, are valueless, since 
they are excreted and no longer causing the inebriation. (Inebriation depends upon the 
amount of unoxidized alcohol in the brain.) Hence the ideal method is to determine 
the amount of alcohol present in the brain tissue. This of course is easy in the cases 
coming to necropsy, but correspondingly difficult in an intoxicated individual. In such 
cases examination of the spinal fluid is probably of greatest value. For further details 
the reader must consult the enormous literature which has accumulated. 

For an ordinary rapid method which is applicable to urine, blood, spinal fluid or 
finely divided tissue, the method of oxidation acid testing is carried out exactly as 
described under wood alcohol (methanol) and the red color obtained indicates the 
presence of ethyl alcohol. Large amounts of urine and blood are necessary for these 
determinations. 

Principle. In this method by Cavett the alcohol is distilled in a closed container 
into standard dichromate. The excess unreduced dichromate is determined by titration 
from which the amount of alcohol can be calculated. 

Reagents. CONCENTRATED SULFURIC ACID. 

METHYL ORANGE SOLUTION. Place 0.1 gm. of methyl orange in a 100 ml. graduated 


cylinder. Add 25 ml. of = NaOH and shake to dissolve. Dilute with distilled water to 


100 ml. 

FERROUS SULFATE SOLUTION. Dissolve 5.0 gm. of FeSO,4.7H2O in 15 ml. of distilled 
water. Add 3 ml. of concentrated sulfuric acid and dilute to 25 ml. with distilled water. 

Repucine Fiurp. In a 50 ml. graduated mixing cylinder place 16 ml. of distilled 
water and 16 ml. of concentrated sulfuric acid. Cool under running tap water. Add 
15 ml. of the methyl orange solution, 1 ml. of the ferrous sulfate, dilute to 50 ml. with 
distilled water and mix. This reducing fluid keeps but a few days; the solutions from 
which it is prepared keeps for several months. 

STANDARD DICHROMATE SOLUTION. Dissolve 0.852 gm. of potassium dichromate 
and dilute to 1 liter in a volumetric flask (1 ml. of the solution is equivalent to 0.2 mg. 
of ethyl alcohol). 

Procedure. 1. Pleat a 2% inch square of filter paper into a compact form of about 
2% X 3 inches and fasten by means of a paper clip to the center of the inside of a 
rubber stopper that fits a 100 ml. Erlenmeyer flask. 

2. Place exactly 10 ml. of the standard dichromate solution in the flask, add 10 ml. 
of concentrated sulfuric acid and mix. 

3. Pipet 0.5 ml. of blood or urine and while holding the stopper raised above the 
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flask sufficiently to expose a portion of the filter paper, transfer the sample to the filter 
paper and place the stopper lightly in the neck of the flask. 

4. Flame the neck of the flask briefly and stopper tightly. 

5. Allow to stand overnight at room temperature, or 2 hours at 70° C. or 15 min- 
utes in boiling water. Cool. 

6. Pipet 10 ml. of the standard dichromate solution into another flask and add 
10 ml. of concentrated sulfuric acid. Cool. 

7. From a buret, add the reducing fluid, a small portion at a time, to each flask 
until a permanent pink color is obtained. Note the amount of titrating fluid used for 
each flask. 

Calculation. The amount of dichromate used is equivalent to 2 mg. of alcohol. If 
S = titration of standard and U = titration of unknown. 


Sea 


X 2 = mg. of alcohol in sample and 


=U 400 =U 
See GHC ES 
Notes. 1. Use fresh samples when possible. However, if kept in the refrigerator 
no changes occur in alcohol content in 24 hours. 
2. In bleeding the patient sterilization of the skin must be done with an aqueous 
solution of a germicide and not with alcohol. 


X 0.4 = per cent of alcohol in sample. 


DETECTION OF ETHYL ALC@HOL INGHSSUES 


Principle. Depends upon the oxidation of ethyl alcohol to acetic acid and titrating 
with N/20 sodium hydroxide. 

Procedure. 1. The tissue, as soon as it is removed from the body, should be placed 
in a tightly closed jar and placed in a refrigerator. When ice cold, 500 gms. are weighed 
out, quickly ground up and placed in a 2 liter flask. To this are added 600 ml. of dis- 
tilled water, 5 ml. of a saturated solution of tartaric acid and 1 ml. of white mineral 
oil. This mixture is now distilled with steam. A long, well cooled condenser should be 
used, and the distillation should be continued until exactly 800 ml. has been collected. 
The distillate is well mixed and used in the following procedure. 

2. Twenty grams of potassium dichromate and 40 ml. of concentrated sulfuric acid 
are placed in a 500 ml. distilling flask. Three hundred ml. of the distillate just ob- 
tained is now added and the contents mixed well. The flask is then connected to a 
long, well cooled condenser by means of a Hopkins distilling head, and the distillation 
started. The heat must be so regulated that it will take from 45 to 50 minutes to collect 
exactly 250 ml. of distillate. After thoroughly mixing, 50 ml. of this distillate is titrated 
with twentieth normal sodium hydroxide solution, using phenolphthalein as an indica- 
tor. From this titration figure, the amount of alcohol present in 1 kilogram of brain 
tissue can easily be calculated as follows: (ml. twentieth normal alkali — 1.32) 
71.58 — mg. CoH;OH per kilogram of tissue. The figure (— 1.32) holds only for brain 
tissue. For other tissues a fair average would be calculated as follows: 


1 ml. NaOH = 2.3 mg. of ethyl alcohol. 


Notes. 1. For the qualitative and quantitative determination of alcohol, the brain 
is of first importance. 
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2. The normal alcoholic content of human brain material is less than 0.0025 per 
cent. 

3. The alcoholic content of the brain in persons who have partaken of alcoholic 
beverage ranges between 0.005 and 0.6 per cent. 

4. All patients having an alcoholic content below 0.1 per cent show no abnormal 
physiologic effects. 

5. Patients with an alcoholic content above 0.1 per cent and up to 0.25 per cent 
show some physiologic disturbance, as evidenced by increased aggressiveness, and 
more or less loss of the sense of care, None of these patients, however, shows unbal- 
anced equilibrium, which is commonly called intoxication. 

6. When the alcoholic content rises above 0.25 per cent and up to 0.4 per cent 
and still higher to 0.6 per cent, the equilibrium of the person becomes unbalanced, a 
condition generally known as intoxication. 

7. The degree to which any person is affected does not depend on the quantity of 
alcohol consumed, but on the amount of alcohol present in the brain at the time. 


RAPID DETECTION OF BARBITURATES AND OTHER SEDATIVES 


Reagents. Mercurous NITRATE, 15 Per Cent. Add 5 ml. of concentrated nitric 
acid (from a cylinder) to 95 ml. of water. Mix and add 15 gm. of mercurous nitrate. 
Add a few drops of metallic mercury. Shake until the salt is dissolved. 

Mercuric NITRATE, 15 PER Cent. Made up in 5 per cent nitric acid. 

Potassium JopipE, 16.5 PER CENT. 

FERRIC CHLORIDE, 9 PER CENT. 

All the solutions should be kept in amber bottles and must be discarded when they 
become hazy or turbid. 

Procedure. 1. Place 10 ml. portions of the unknown solution into 2 test tubes. To 
1 tube add 1 drop of the mercurous nitrate solution and note the reaction; then add 
2 drops of the pctassium iodide solution. 

2. To the other tube add 1 drop of mercuric nitrate solution and note the reaction; 
then add 2 drops of the ferric chloride solution followed by 2 drops of the potassium 
iodide solution. 

3. Table 78 shows the results to be expected in the first and second tubes. 


DETECTION OF BARBITURATES IN URINE 


Principle. In this method by Delmonico (Proc. Staff Meet. Mayo Clin., 1940, 
14:109) the acidulated urine is extracted with chloroform and the color produced in 
the purified extract by cobalt acetate solution is compared with a solution of barbituric 
acid. 

Reagents. CoBALT ACETATE, 1 PER CENT IN ABSOLUTE METHYL ALCOHOL. 

ISOPROPYLAMINE, 5 PER CENT. 5 ml. of isopropylamine (Eastman) diluted to 100 
ml. with absolute methyl alcohol. 

ACTIVATED CHARCOAL. 

SutFuric Acip, 10 Per CENT. 

CuHtLoroForm, U.S.P. 

STANDARD Barpituric Acip. Place 50 mg. of barbital in a 100 ml. volumetric flask. 
Dilute to volume with chloroform (1 ml. = 0.5 mg.). 
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1108 METHODS FOR TOXICOLOGIC EXAMINATIONS 


Procedure. 1. Place 25 ml. of urine in a 125 ml. separatory funnel. Acidulate with 
10 per cent sulfuric acid, add 25 ml. of chloroform and shake. 

2. Allow the chloroform layer to separate and draw it off into a 25 ml. glass- 
stoppered cylinder. Add about 0.5 gm. of activated charcoal and shake to remove 
pigment. 

3. Decant the chloroform and concentrate it to 5 ml. Transfer to a test tube. Place 
5 ml. of the standard in another test tube. Add to both tubes 0.25 ml. of the cobalt 
solution followed by 1.5 ml. of isopropylamine and mix. 

4. Compare in the colorimeter at once. The sulfonamide compounds interfere with 
the color reaction. 


DETECTION OF VERONAL, LUMINAL, MORPHINE, STRYCHNINE, 
BRUCINE, CODEINE AND COCAINE 


Principle. These substances are separated by extraction, purified, and identified 
by one or more of the tests listed under each individual substance. 

The procedure which follows is devised to identify one or more of these substances 
when present in human organs, meat, vegetables, milk, potatoes and other substances. 

Reagents. ErpMANN’s. Add 10 drops of a mixture of 10 drops of concentrated 
nitric acid and 100 ml. of distilled water, to 20 ml. of concentrated sulfuric acid. 

FROEHDE’s. Dissolve (by gentle heating) 5 mg. of molybdic acid or sodium molyb- 
date in 1 ml. of concentrated sulfuric acid. This solution should be colorless. It does 
not keep well. 

MANDELINE’s. Dissolve 1 part of finely ground ammonium vanadate in 200 parts 
of concentrated sulfuric acid. 

Marguts. Mix 2 to 3 drops of 40 per cent formaldehyde solution with 3 ml. of con- 
centrated sulfuric acid. Prepare this solution when needed. 

Preparation of Material for Extraction. 1. Mix a quantity of finely ground mate- 
rial in a large flask and mix with 2 to 3 times as much absolute alcohol. Add enough 
tartaric acid (10 per cent) to make the mixture acid to litmus. Avoid a large excess of 
tartaric acid. 

Using a Liebig condenser as a reflux, heat the flask on a water bath for 15 to 20 
minutes at 60° C. 

2. Cool the flask and contents and filter off as much fat as possible. Rinse the 
residue with alcohol, filter and combine the filtrates. Should the filtrate fail to be acid, 
acidify with tartaric acid. 

3. Evaporate the filtrate to a thin syrup on a water bath and mix the residue with 
100 ml. of cold distilled water. 

4. Filter through moistened filter paper and evaporate to a syrup on a water bath. 

5. Mix the residue thoroughly with liberal quantities of absolute alcohol. Filter. 
Evaporate the filtrate on a water bath and dissolve the residue in about 50 ml. of dis- 
tilled water. Should this solution fail to be perfectly clear, filter through moistened 
filter paper. This filtrate (or original solution) should have an acid reaction. For con- 
venience in future reference to this solution, it is designated as “solution A.” 

Extraction and Identification of Veronal and Luminal. 1. Extract solution A 
several times with ether. Evaporate the ether extract to dryness. (Save acid aqueous 
solution for possible tests described later.) 
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2. Recrystallize the ether extract residue from a small quantity of hot distilled 
water, using animal charcoal to remove color. 

3. The identification of veronal and luminal can be made on the basis of the 
following properties: 

(a) Cotor Reaction. This test identifies the barbiturates as a group, and is not 
specific for veronal or luminal. To each of 3 tubes (No. 1, No. 2, No. 3), add some 
chloroform solution of the suspected purified crystals. To each add 1 to 2 drops cobalt 
acetate (1 per cent) in methyl alcohol. To tube No. 1 add 2 drops of barium hydroxide 
in methyl alcohol; to tube No. 2 add 4 drops and to tube No. 3 add 8 drops. A blue 
color in any of these tubes constitutes a positive test for the barbital group. 

(6) Mettinc-Pornt. This determination is important because it serves as prac- 
tically the only reliable means of differentiating between individual barbiturates. 

The melting-point of pure veronal is 188° to 191° C. When impure it melts at 
187° to 188° C. The melting-point of luminal is 171° to 173° C. 

(c) SuBLIMaTIoNn. Veronal when heated cautiously, easily sublimes. 

Extraction and Identification of Morphine. 1. Solution A is made strongly 
alkaline with sodium hydroxide solution and extracted with ether. Most alkaloids, 
except morphine, are in the ether extract. Save the ether extract for possible tests 
for the identification of cocaine (described later). 

2. Make the alkaline aqueous solution acid with dilute hydrochloric acid and then 
make alkaline with sodium bicarbonate. 

3. Morphine is extracted with a hot solution consisting of 9 volumes chloroform 
and 1 volume absolute alcohol. (Method of Kippenberger.) 

4. Pour the combined chloroform extracts into a dry vessel, add a few crystals of 
anhydrous sodium sulfate to remove any water which may be present and filter the 
chloroform extract (dry filter) into a small vessel. Evaporate to dryness. 

5. PurrIFIcATION. The residue is dissolved in hot amyl alcohol and shaken thor- 
oughly with water acidified with dilute sulfuric acid. The aqueous extract is then made 
alkaline with ammonia, and extracted several times with hot chloroform. Evaporate to 
dryness. 

(a) Morphine appears as white crystals, the melting-point of which is 230° C. 

(6) Morphine is strongly alkaline and can be titrated. 

(c) With Mandeline’s reagent the color changes are red violet, to blue, to violet. 

(d) With Froehde reagent the color changes are violet, to blue, to green. 

(e) PuysioLocicaL Test. A neutral solution of morphine (HCl) when injected 
under the dorsal skin of a white mouse causes the tail of the animal to become S$ 
shaped. Five hundredths of a milligram of morphine will maintain the tail in this posi- 
tion for 45 minutes. Five milligrams will maintain it for 20 hours. 

Extraction and Identification of Strychnine, Brucine and Codeine. Solution A 
is made strongly alkaline with sodium hydroxide solution and extracted 3 to 4 times 
with ether. Set the combined extracts aside in a dry flask (loosely stoppered) for 2 to 
3 hours. Decant through a dry filter and evaporate from a small dish on a water bath 
which has been previously warmed. The residue will contain strychnine, brucine, and 
codeine. 

IDENTIFICATION OF STRYCHNINE. |. Crystals melt at 268° C. 

2. With Mandeline’s reagent the color changes are blue to blue violet to red violet 
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to red, and in 15 to 20 min. to orange. If the orange color fails to appear strychnine is 
not present. 

3. Erdmann’s and Froehde’s reagents give no color change with strychnine. 

IDENTIFICATION OF Brucrne. 1. Color changes using Erdmann’s and Froehde’s re- 
agents may be employed to identify brucine. 

2. Erdmann’s reagent gives a red color which changes to yellow. 

3. Froehde’s reagent also gives a red color which changes to yellow. 

IDENTIFICATION OF STRYCHNINE IN THE PRESENCE OF BRUCINE. 1. Brucine when 
present together with strychnine may render inconclusive the tests for the latter. To 
avoid this the brucine can be destroyed before applying the strychnine tests. 

2. The residue (or part of) containing brucine is dissolved in about 2 ml. of dilute 
sulfuric acid, 2 drops of concentrated nitric acid are added, and the system permitted 
to stand for 2 to 3 hours. It is then made strongly alkaline with sodium hydroxide 
solution and extracted with ether. The evaporated ether extract will contain strychnine, 
but not brucine which is destroyed by this procedure. 

IDENTIFICATION OF CopEINE. 1. When codeine is warmed with Erdmann’s reagent 
a blue color results. 

2. Froehde’s reagent gives a yellow green color which changes to blue. 

3. Mandeline’s reagent with codeine gives a green color which changes to blue. 

DIFFERENTIATION BETWEEN MoRPHINE AND CODEINE. 1. On the addition of an 
aqueous solution of ferric chloride: a blue color is obtained with morphine. No change 
takes place in the case of codeine. 

2. On the addition of hydrogen iodide: iodide is rapidly liberated in the case of 
morphine. No iodine is liberated in the case of codeine. 

EXTRACTION AND IDENTIFICATION OF COCAINE. Solution A is made alkaline with 
sodium bicarbonate solution and extracted with ether. Evaporate to dryness and apply 
the following tests for the identification of cocaine. 

1. When cocaine is warmed with Marquis reagent, a wine red color is obtained. 

2. Add a small amount of sulfuric acid (conc.) and a crystal of potassium iodate 
to the suspected cocaine. At this point there is no visible change, but when the solution 
is heated until SO; fumes appear the following color changes takes place: brown, to 
Olive, to blue, to violet, which finally fades. 

3. Add a small amount of sulfuric acid (conc.) and place on a water bath for 5 
minutes. Then carefully add water. If cocaine is present there is obtained the odor of 
methyl benzoate (oil of peppermint). 


DETECTION OF BROMIDES IN URINE 


Principle. Urine is ashed with alkali. From the resultant bromides, bromine is 
liberated and finally concentrated in chloroform, with the production of a brown color. 

Procedure. 1. In a nickel crucible place about 50 ml. of the suspected urine. Add 
1 gm. of sodium carbonate and 0.5 to 1 gm. of potassium nitrate and evaporate to dry- 
ness. (The capacity of the crucible employed should be approximately twice the volume 
of the sample taken for analysis. ) 

Remove adherent particles of carbon by sprinkling powdered potassium nitrate 
over the dried residue. During this latter operation rotate the crucible and continue 
heating. 

2. Permit the system to cool to room temperature, add 10 to 15 ml. distilled water 
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to the ash, and make distinctly acid (to litmus) with dilute sulfuric acid. The solution 
at this point is, as a rule, turbid. 

3. Transfer to a separatory funnel, rinsing the crucible with 10 to 20 ml. of acid 
potassium sulfate (10 per cent). 

4, Add 20 to 30 ml. of chloroform, followed by a drop by drop addition of potas- 
sium permanganate (3 per cent) until the color no longer disappears. Finally an excess 
of 15 drops of permanganate is added. 

5. Stopper the cylinder and place in the dark for 15 min. Shake well and permit 
the brown solution of bromine in chloroform to settle. 


DETECTION OF BROMIDES IN BLOOD 


Principle. In this method by Diethelm (J. Nerv. & Ment. Dis., 1930, 71:151) the 
color produced by the reaction of bromine with gold chloride is measured colorimetri- 
cally. 

Reagents. GOLD CHLORIDE, 0.5 PER CENT. 

TRICHLOROACETIC AciD, 5.0 PER CENT. 

SODIUM CHLORIDE-TRICHLOROACETIC Acip SoLtuTION. To 0.12 gm. of sodium 
chloride in a 100 ml. cylinder add 70 ml. of the trichloroacetic acid. Dilute to 100 ml. 

Stock SoLuTion. An accurate 1 per cent solution of sodium bromide (1 ml. = 
10 mg.). 

DILUTE STANDARD. Pipet 5 ml. of the stock standard into a 100 ml. volumetric 
flask. Dilute to the mark with the sodium chloride-trichloroacetic acid mixture (1 ml., 
0.5 mg.). 

Procedure. 1. In an Erlenmeyer flask place 16 ml. of trichloroacetic acid solution. 
Add slowly, with shaking, 4 ml. of serum. Mix and allow to stand 30 minutes. Filter. 

2. Place 10 ml. of clear filtrate in a test tube. 

3. Place 4 ml. of dilute standard in another test tube and add 6 ml. of sodium 
chloride-trichloroacetic acid mixture. 

4, Place 8 ml. of dilute standard in a third tube and add 2 ml. of the same diluting 
fluid. 

5. Place 10 ml. of the sodium chloride-trichloroacetic acid in a fourth tube. 

6. Add 1.0 ml. of gold chloride solution to each tube and mix. 

7. Compare in the colorimeter with the nearest standard. 

Calculation. Using the equivalent of 2 ml. of blood serum, the first standard is 
equivalent to 100 mg. and the second standard to 200 mg. of sodium bromide per 
100 ml. Set the standard at 10; then mg. per cent of sodium bromide is 


1000 2000 
or - 
reading of unknown reading of unknown 


Notes. 1. If a photoelectric colorimeter is available, use light filter No. 54 and 
the fourth tube as a blank; subtract the reading from the readings of the unknown 
and standards. 

2. Bromide concentrations in excess of 150 mg. per cent are found in bromide 
intoxications. 

3. Tf the bromide concentration exceeds 250 mg. per cent the test should be re- 


peated with smaller amounts of sample. 
4, Iodides form a brown precipitate with gold chloride. 
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DETERMINATION OF BROMIDES IN BLOOD 


Principle. In this method by Greenberg (J. Lab. & Clin. Med., 1943, 28:779) the 
bromide of the deproteinized whole blood is oxidized to bromate and determined by 
iodometric titration. 

Reagents. Z1Nc SuLFATE, 0.45 PER CENT. 

Soprum Hyproxipg, 0.1N. 

Hyprocutoric Acrp (2N). Dilute 197 ml. of concentrated hydrochloric acid to 1 
liter. 

Catcium HypocHtorite. A 15 per cent solution of Ca (O Cl)z is filtered and the 
filtrate diluted with 3 parts of distilled water. 

Cartcrum CARBONATE POWDER. 

Soprum ForMATE, 20 PER CENT. 

Potassium IopipkE, 10 Prr CENT. 

STARCH SOLUTION. 

Soprum THIOSULFATE (0.0004N). Dilute 4.0 ml. of 0.1N sodium thiosulfate to 1 
liter. 

Procedure. 1. Place 6.5 ml. of the zinc sulfate solution in a test tube. 

2. With a special 0.1 ml. Folin micro-blood pipet collect 0.1 ml. of blood from an 
ear lobe or finger tip and discharge it directly into the solution, rinsing the pipet 2 or 3 
times with the same solution. 

3. Add 0.5 ml. of the 0.1N sodium hydroxide, shake the tube, place in boiling 
water 3 minutes and cool. 

4. Filter and place 5 ml. of filtrate into another test tube. 

5. Add in succession, 0.3 ml. of the 2N hydrochloric acid, 1.0 ml. of the hypo- 
chlorite solution and a pinch of the calcium carbonate powder. The carbonate should 
be in excess as indicated by its persistence as a precipitate. 

6. Place the tube in boiling water for 8 minutes, add 0.4 ml. of the 20 per cent 
sodium formate and heat 8 minutes longer. Remove from the water bath and allow to 
cool. 

7. Add in succession 3 ml. of the 2N hydrochloric acid and 1.0 ml. of the 10 per 
cent potassium iodide solution; shake. 

8. Add 0.5 ml. of the starch solution and then the standard thiosulfate solution, 
drop by drop, from a buret until the blue color is just discharged. 

9. Make a blank determination whenever new reagents are prepared. The blank 
ordinarily ranges from 1.0 to 1.7 ml. of thiosulfate. 

Calculation. Each milliliter of 0.0004N thiosulfate corresponds to 7.6 mg. of bro- 
mide or 9.5 mg. of sodium bromide per 100 ml. of blood. Therefore, subtract the blank 
titration from the titration of the unknown and multiply the difference by either 7.6 
or 9.5. 


DETECTION OF BLOOD STAINS 


Principle. The test by Teischmann depends on the fact that hematin is formed 
from the decomposition of the hemoglobin by heat, and secondly, that the hematin in 
solution in boiling glacial acetic acid unites with the chlorine of the salt to form chloride 


of hematin, which is soluble in boiling glacial acetic acid, crystallizing from this solvent 
on cooling. 
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Procedure. If the material is a dried blood stain, a small fragment of the dried 
blood should be removed from the stain with the point of a knife and transferred to a 
glass slide. If the stain be a diffused one, or if the blood, while still fresh, has soaked 
into the fabric, as in the case of a stain on cotton or linen cloth, then it suffices to 
scrape a small portion of the stain with the knife point, collecting the dust thus re- 
moved on a glass slide. The fragment of dried blood or the dust should then be treated 
on the slide with a small drop of water in which has been dissolved a minute fragment 
of sodium chloride. This drop should then be evaporated to dryness by gentle heat, 
the dried residue covered with a coverglass, a drop of glacial acetic acid allowed to 
run under the coverglass, and the slide again gently heated until bubbles of gas are 
seen to form in the liquid under the coverglass. This shows that the glacial acetic acid 
has been heated to the boiling point. If, now, the slide be allowed to cool, the micro- 
scope will reveal the characteristic crystals of chloride of hematin in case the stain 
examined contained blood. These crystals of chloride of hematin are called “hemin” 
crystals, and they have a characteristic form (Fig. 386). 


Fig. 386. Hemin crystals (Wood). 


The normal hemin crystals have a yellow to chocolate-brown color and separate in 
the form of small rhombic plates. They naturally vary a little in size according to the 
rapidity of their formation. Sometimes, particularly if the fragment of dried blood on 
the slide was of considerable size, the form of the crystals in some parts of the prepa- 
ration may be somewhat modified, some assuming a pointed, oval shape, and in some 
the outlines may be a little irregular; in all cases, however, a sufficient number of the 
normal perfect crystals will be seen to render their identification positive. | 

Precautions. 1. Care should be taken in heating the slide not to raise the tem- 
perature so high as to decompose the hematin in the first dry residue obtained. If the 
temperature be raised to about 142° C. (287.6° F.), no hemin crystals will be formed. 

2. On further heating the slide, after the addition of glacial acetic acid, the tem- 
perature should not be raised so high as to produce active boiling of the acid, since 


1114 METHODS FOR TOXICOLOGIC EXAMINATIONS 


active ebullition may carry all the pigment beyond the edge of the coverglass, which 
might prevent the detection of the hemin crystals. 

3. The hemin test will not detect blood pigment in blood stains that have been 
heated to a high temperature, that have been subjected to the prolonged action of 
naphtha, solution of ammonium chloride, or bromochloralum, or that have been ex- 
posed for a long time to direct sunlight. 

4. This is by far the most important test for blood pigment, and it is extremely 
delicate. While the detection of hemoglobin shows with certainty the presence of blood, 
it throws no light upon the nature of the animal from which the blood came. To 
determine this latter question resort is had to microscopic examination of the blood 
cells and especially to the complement fixation and precipitin tests. 
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METHODS FOR THE MICROSCOPIC EXAMINATION 
OF TISSUES 


WILLIAM N. CAMPBELL 


Much can be learned from the careful examination of gross specimens. However, 
in order to study the finer changes that disease processes produce in tissues and to 
render definitive diagnosis of pathologic alterations, it is often necessary to prepare 
thin sections of tissue and examine them microscopically. The proper preparation of 
these tissue sections is essential for accurate microscopic evaluation and the technician 
entrusted with this work serves a vital purpose. 

Principles. The preparation of tissue sections from small blocks of tissue carefully 
cut from gross specimens usually involves the following steps: 

1. Frxation. This serves to kill the tissue cells, prevent disintegrative changes, and 
preserve the cells in as natural a condition as possible. A 10 per cent solution of com- 
mercial formalin is the agent most commonly used. 

2. PREPARATION FOR CUTTING. Because fresh or fixed tissue tends to fragment or 
fall apart upon cutting, it must be made rigid. This is usually accomplished by (a) 
freezing the tissue by placing it on a metal chamber and subjecting it to the rapid 
release of carbon dioxide gas under high pressure, or (b) infiltration of the tissue with 
hot, liquid paraffin, with subsequent cooling and solidification. 

Paraffin is immiscible with the water normally present in tissue and, therefore, this 
water must be removed before infiltration. This is accomplished by passing the tissue 
through increasing strengths of alcohol, or several changes of acetone (dehydration). 
Since these solutions are also immiscible with paraffin they must be removed with 
agents such as benzol or cedar oil (clearing). These latter solutions are miscible with 
paraffin which permits infiltration of the tissue with paraffin. Upon cooling, the paraffin 
becomes solidified and the tissue is ready for cutting. 

3. CutTING THIN SEcTIONS. This is accomplished with a specially designed instru- 
ment called a microtome. Thin sections are then attached to glass slides. 

4, STAINING. Tissues consist of cells which are made up of nuclei and cytoplasm 
together with intercellular material and it is customary to stain the nuclei one color 
and the cytoplasm another. The usual procedure is to stain the nuclei blue with hema- 
toxylin and the cytoplasm red with eosin. Because most stains are aqueous solutions 
they are immiscible with paraffin or xylol. The tissue section (attached to the slide) 
is, therefore, treated with xylol (deparaffinization) and passed through descending 
strengths of alcohol into water (hydration). (Deparaffinization and hydration are 
omitted if the tissue was frozen instead of infiltrated with paraffin.) The section is 
next immersed in hematoxylin to stain the nuclei, and then, in order to remove any 

1115 


1116 THE MICROSCOPIC EXAMINATION OF TISSUES 


hematoxylin from the cytoplasm, it is rinsed in acid alcohol (differentiation; decolori- 
zation). The tissue is now immersed in an alkaline solution (alkalinization) to restore 
the blue color to the nuclei and, finally, immersed in eosin, which stains the cytoplasm 
red (counterstaining). 

Because the usual permanent mounting materials such as balsam are immiscible 
with the water now present in the tissue, the water is removed by passing the slide 
through ascending strengths of alcoholic solutions (dehydration). This step also serves 
to remove any excess eosin from the tissue (differentiation; decolorization). The per- 
manent section must be translucent and, therefore, the slide is immersed in a clearing 
agent such as xylol (clearing), the latter being miscible with mounting medium. 

5. Mountinc. A small amount of balsam is dropped on the section and a thin 
coverslip laid carefully upon it. The balsam is allowed to harden, the slide cleaned 
with xylol and labeled. It is now ready for microscopic examination. 


EQUIPMENT 


The chief apparatus of the histologic technician consists of a microtome and its 
accessories, a paraffin oven, staining dishes and jars, and a microscope. 

Microtome. There are many types. They should be properly cared for by strict 
adherence to the directions of the manufacturer. The Spencer rotary microtome is 
excellent for paraffin embedded tissue (Fig. 387). The sliding microtome is the best 
type for celloidin embedded tissues and 
for large blocks of tissue embedded 
in paraffin. Certain microtomes are 
equipped with a freezing chamber so 
that tissue may be frozen and sectioned. 
The author has obtained very satisfac- 
tory frozen sections with a Bausch and 
Lomb clinical microtome equipped with 
freezing attachment (Fig. 388). 

Microtome Knives. The importance 
of using sharp knives and of keeping 
them properly sharpened cannot be over- 
emphasized. Without a sharp knife, the 

Fig 387!) Rotary inicrotome. most expert technician is unable to pro- 

(Courtesy of American Optical Company.) duce satisfactory tissue sections. 

The practice of sending knives out 
to a grinder is not recommended unless for the removal of deep nicks or to true a 
knife that has been ground irregularly. Knives may be sharpened either by hand or by 
the use of an automatic sharpener. It is recommended that an automatic knife sharp- 
ener be used routinely, as the results and saving of time soon pay for the initial outlay 
for such an instrument. 

AUTOMATIC SHARPENING. Several satisfactory automatic sharpeners are available. 
The Fanz automatic knife sharpener has been quite successfully used in our labora- 
tories (Fig. 389). With this instrument, knives may be sharpened quickly by the use 
of a grinding compound composed of: Alumina #8, § gm. and Alumina #9, 3 gm. 
(Linde Air Products Co.); Dreft, 5 gm. (Procter and Gamble) and distilled water, 
200 ml. About 20 ml. of a freshly made and well shaken Alumina-Dreft suspension is 


Fig. 388. Clinical microtome equipped with freezing attachment. 
(Courtesy of Bausch and Lomb Company.) 


Wisi 


Fig. 389. Fanz automatic microtome knife sharpener. 
(Courtesy of Arthur H. Thomas Company.) 
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poured on the glass plate of the knife sharpener at the beginning of the procedure and 
replenished as needed. If the knife edge is badly nicked, from 20 to 30 minutes will be 
required to obtain a sharp cutting edge, the sides of the knife being alternated at 5- 
minute intervals. The knife edge should be examined frequently under the low power 
objective of a microscope until the cutting edge reflects only a narrow and straight 
pright line of light. Final touching up of the edge requires several 10-second periods 
of sharpening on each side. 

HAND SHARPENING. A honing guide or back must be fitted to each knife and so 
marked that it is always placed upon the knife in the same manner. A medium coarse 
yellow Belgian hone is used for rapid grinding out of small nicks and final honing is 
performed on a fine blue-green stone. The surfaces of the stones must be constantly 


ot 
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Fig. 390. Method for honing microtome knives. 


flooded with water during the sharpening procedure. The knife should be placed flat 
upon the stone and drawn towards the worker, cutting edge foremost, without pressure, 
and bringing the whole cutting edge across the stone (Fig. 390, A). The knife is turned 
on its back (never the edge), and the knife is pushed away from the worker (Fig. 
390, B). These two motions are repeated, except that during the process the cutting 
edge of the knife is drawn across the stone in the opposite direction (Fig. 390, C, D). 
These four movements are repeated in order until the desired edge is obtained, the 
edge being checked frequently with a microscope. A brief final stropping on a mounted 
flat leather strop using the preceding four movements, but with the back of the knife 
always leading the cutting edge, finishes the procedure. The knife should be dried, oiled 
with a good grade of light, neutral oil, and placed in its box. 
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Paraffin Oven. Any incubator maintaining a relatively constant temperature from 
55° to 60° C. will prove satisfactory, electrically heated ovens being the safest. 

Glassware. The Coplin type of staining jar is satisfactory for staining frozen sec- 
tions, or for staining only a few slides by the usual technic. Staining dishes with re- 
movable glass or metal racks are most convenient when large numbers of slides must 
be stained. Large petri dishes about 6 inches in diameter and 3 inches in depth may be 
filled with warm water to receive paraffin sections after cutting. The smaller varieties 
are suitable for staining celloidin sections. Corked vials and small bottles should be 
available for processing tiny fragments of tissue. 


METHODS FOR THE FIXATION OF TISSUES 


There is no ideal fixing agent. A good fixative should penetrate tissue quickly. For 
best results tissue blocks should be trimmed to not over 3 to 5 mm. in thickness, and 
fixed for 12 to 24 hours at room temperature. The tissues should be fixed in at least 
10 to 15 times their volume of fixative. Those usually employed are as follows. 

Formalin. Formaldehyde is a gas soluble in water. It is obtainable commercially 
as a 40 per cent solution in water (formalin). A 10 per cent (not 4 per cent) solution of 
formalin is most commonly used for fixation purposes. Formalin can be easily ob- 
tained, is cheap, keeps well, and is one of the best fixatives for nerve tissue. Stock 
bottles of prepared fixative should contain a layer of marble chips on the bottom to 
neutralize any formic acid that may be generated: 


je) apakeH Wate tar eam Se eeg neers Sen com Ohy tn edi Leet 10 ml. 
Distilled’ Watered cco nla a ee ets Bec e re eea 90 ml. 
Calcium carbonate in excess on bottom of container. 


Formal-Alcohol. This mixture has the advantage of fixing and dehydrating at the 
same time, although there is some shrinkage of tissue. It is frequently used for rapid 
paraffin or celloidin methods: 


Orn Talis eo Ae te ee eet On ie ae ee oa Bee » QO ial: 
Alconol.05; per. -ceniepane) ceases Mia ete ete le eat 50 ml. 
Distilled wa tere ss: eeea tee pa een eee cee en, ee 30 ml. 


Zenker’s Fluid. This fixative is preferred by many and has been claimed to be the 
best general fixative, as cellular and nuclear details are sharply defined. Before staining, 
tissues fixed in this solution must be passed through an iodine solution, washed in water 
and rinsed in a 5 per cent solution of sodium thiosulfate for the removal of precipitates 
of mercuric oxide. A longer time for the staining of sections with hematoxylin is also 
necessary: 


Potassium bichromate ...... een ka Mate ieee © 2.5 gm. 
WierCULICRCHIOLIC CRN hat wate Sar mew mentors 8.0 gm. 
Distilled water to make 100.0 ml. 

Add 5 ml. of glacial acetic acid just before using the solution. 


Helly’s Fluid. This is the same as Zenker’s fluid except that 5 ml. of formalin are 
added instead of glacial acetic acid. This fixative has the advantage of preserving 
certain types of cytoplasmic granules. 
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Bouin’s Fluid. Cytologic details are well preserved by this fixative, although the 
tissues are not adequately stained by certain nuclear aniline dyes: 


Saturated aqueous sol. picric acid (1.22 per cent ......... 75 ml. 
1 EKG y RVG Wale 8 Wee enen eaten Slate Ret iNT wo lace bye Mab A tate RS 25 ml. 
Glacialeaceticuacid: te :ere tant eee eres Were 5 ml. 


Alcohol. This fixative is used when glycogen is to be demonstrated, since glycogen 
is soluble in aqueous solutions. Absolute alcohol is preferably used but its great dis- 
advantage is the production of marked shrinkage of the tissue. 

Flemming’s Solution. This is an excellent fluid for the preservation of fat in tissue, 
the fat being blackened by osmic acid. The solution should be made up just before use: 


Osmic acid (2 per cent aqueous solution) .............. 20 ml. 

Chromic acid (1 per cent aqueous solution) ............ 75 ml. 

Glacialiacetickacid 2 a20 ct. ae) pees ee a 5 ml. 
WASHING 


Tissues do not require washing in water after formalin or alcohol fixation. However, 
tissues fixed in solutions containing chromium salts should be washed for 24 hours in 
running water. Those fixed in picric acid solution (Bouin’s fluid) should be washed only 
4 to 6 hours as, otherwise, they will become macerated. 


PARAFFIN METHOD OF PREPARING TISSUE SECTIONS 


Principles. 1. After fixation, tissue sections are usually prepared by the paraffin 
method because of its overall convenience. Some tissues, however, are damaged by the 
heat of melted paraffin and require the use of an embedding agent at room temperature. 
This requirement is met by using trinitrocellulose, which is sold under the name of 
celloidin or parloidin. 

2. When slides must be prepared as quickly as possible, it is preferable to freeze 
the tissue and section it, which requires only a few minutes. 

3. If slides must be prepared routinely in the course of a few hours, the method of 
choice is the rapid paraffin method. This method is greatly facilitated by the use of 
the Autotechnicon (Fig. 391), a machine designed to process tissues automatically and 
infiltrate them with paraffin. However, the technician should be quite familiar with the 
more tedious hand methods for preparing tissue sections, since many small tissues must 
be processed by hand. 

4. It should be noted that the best method of preparing tissue sections is by the 
freeze-dry technic, which entails sudden cooling of tissues to low temperatures and 
rapid dehydration of the frozen tissue in vacuo. No prior fixing agent is used. Unfortu- 
nately, this method is usually beyond the scope of most laboratories. 

Dehydrating Methods. 1. Atconot. This is the most commonly used dehydrating 
agent. It is used in ascending strengths from 70 per cent to absolute alcohol. There 
will be some shrinkage in the specimen but less with slower and more gradual 
dilutions. Tissues are placed in 70 per cent alcohol from 2 to 12 hours and then in each 
ascending strength (80 per cent, 95 per cent, absolute alcohol) for the same length of 
time. 
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2. ACETONE. This dehydrating agent is suitable for small pieces of tissue. It is 
used for all surgical tissues at Temple University Hospital and has proved very 
satisfactory. Tissues are passed through three changes, being left for 30 to 60 minutes 
in each. 

3. Droxane. This dehydrating agent is highly volatile and mixes with all propor- 
tions of water and alcohol. There is little shrinkage and tissues remain soft without 
becoming brittle. Dioxane is inflammable and, therefore, should not be redistilled. 
When used there should be no open flames in the room and the jars should be kept 
covered. Tissues are immersed in three changes, being left for 45 minutes in each. 

Clearing. There are three commonly used clearing agents, namely, cedar-wood oil, 
benzol and chloroform. Some, but not all of these, render the tissue translucent, hence 
the name of the procedure is inappropri- 
ate. Dioxane requires no clearing agent 
for this substance will mix with paraffin. 

CrEpDAR-Woop OIL. Tissues should be 
placed after dehydration in a mixture of 
equal parts of cedar-wood oil and abso- 
lute alcohol and then in pure cedar- 
wood oil. From 2 to 12 hours are re- 
quired for each, depending upon the 
nature of the tissue. The tissue is trans- 
lucent when completely cleared. 

BENzOL. Benzol may be used for 
small pieces of tissue that clear quickly. 
It hardens too much when treatment is 
prolonged. One-half to 1 hour is required 
for fragments 2 to 3 mm. in thickness. 
When the action is complete the tissue 
is quite translucent. Benzol is used for 
all surgical tissues in the Department of 


Pathology of Temple University Hos- Fig. 391. The autotechnicon. 
(Courtesy of the Technicon Company.) 


pital. 

CHLOROFORM. Tissues are placed in 
pure chloroform after dehydration. After 4 to 8 hours they may be transferred to a 
mixture of equal parts of chloroform and paraffin where they remain for 4 to 8 hours. 

Infiltration. Paraffin having a melting point of 56° to 58° C. is employed. In very 
cold weather, that having a melting point of 52° C. is more desirable. It is recom- 
mended that a large supply be kept on hand, for new paraffin tends to crystallize, a 
change which renders section cutting impossible. Infiltration is conducted in some form 
of oven maintaining a constant temperature of 1 to 2 degrees above the melting point 
of the paraffin used. The temperature should never be permitted to go above this point 
lest the tissues be damaged. Two changes of paraffin are preferred. It has been found 
that a mixture of 6 to 10 cubes of Tissuemat * (melting point 56° to 58° C.), one half 
pound of paraffin (melting point 53° to 55° C.) and one half pound of paraffin (melt- 


* Fisher Scientific Co. 
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ing point 56° to 58° C.) is satisfactory in all seasons of the year. Tissues are placed 
in equal parts of cedar-wood oil and paraffin mixture for 12 hours and put on top of 
(but not in) the oven. The tissue is then placed in the paraffin mixture for 8 hours and 
finally transferred to a second change of paraffin for 8 hours. The latter procedures, 
of course, are carried out in the oven. If rapid infiltration is necessary, tissues are infil- 
trated in only one paraffin bath. 

Embedding. This process is necessary to facilitate the sectioning of the paraffin 
infiltrated tissue. Tissues may be embedded in paraffin in paper cups (Fig. 392), petri 
dishes, or any suitable container. At Temple University Hospital warm, melted paraffin 


2.Fold up one end and one side. 
1. Crease on dotted tines. Fold projecting flap against the end. 


4.Fold over and crease the project- 


3 Repeat with adjoining corner 
an J s ing endflap to tock the corner joints. 


Fig. 392. Method of folding paper cups. 
(From Gradwohl, Clinical Laboratory Methods and Diagnosis. Courtesy C. V. Mosby Company.) 


mixture is kept in a pitcher in an electrically heated jacket at 60°-62° C. (Fig. 393 A.). 
The melted paraffin is poured into a paper box. The tissue which has been fixed, de- 
hydrated, cleared and infiltrated is placed in the melted paraffin mixture in the box 
with the side down from which sections are to be cut (Fig. 393 D). As soon as the 
paraffin begins to solidify the paper boat is floated in ice water (Fig. 393 E). When 
the paraffin is hard the paper is removed and the block carefully trimmed so that all 
four sides are straight (Fig. 393 G). Bevel the two long sides parallel to the knife; 
otherwise the sections will not adhere to each other. The tissue must be well surrounded 
by paraffin on all sides. 

Blocking. The blocks are now ready to be placed on metal pivots or wooden blocks 
(Fig. 393 H). The pivot is heated in the bunsen burner and placed on the paraffin 
block. The pivot with paraffin block attached is now plunged into ice water and kept 
in ice water until the tissue is sectioned. 
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Fig. 393. Embedding and blocking. 
A, melted paraffin. B, ice water. C, empty paper cup. D, tissue being placed on bottom of paper 
cup in melted paraffin. E, tissue and paraffin placed in ice water to harden. F, untrimmed block 
after removal of paper cup. G, trimmed block. H, pivot with trimmed block attached. 


Summary of Paraffin Methods for Preparing Tissue Sections. 

Stow Metuop. 1. Fixation of tissue not more than 5 mm. thick in 10 per cent 
formalin for 12 to 24 hours. 

2. Dehydration. 


Dumbell yO jeree Welt: Geba5 ons hodesageudnpeyous 12 hours 
Slow Apkoolevoll SHO) jayrenGevhe: eye awe Gone ots os u Aw es 12 hours 
Diclangle culeraloyal ls sy Noyere Me save acon podoladuananbahae se 12 hours 
DidonyAl ilkeolavoyl) TOYO) ForSe GIONS os, co cola Mee onenecw0 oe 12 hours 


3. Clearing. 


Ethyl! alcohol, 100 per cent, and 
@edar-woodrollmequalepatccme sarki ee 12 hours 
Pirercedar=wOOdeOlleges erm sill eee ce: 12 hours 


4. Infiltration. 
Cedar-wood oil and 


Parafin, equal partsi 7.23... MLS deer cla. & 12 hours (place on top of oven) 
Parattitin loos eet eartnicr eae k eeutie ks aes tect: 8 hours 
Parallel A ot Mia et ee ror: AL sy cm ate 4 8 hours 


5. Embedding. Cool block guickly. 
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Rapip Mernop. 1. Tissue must not be more than 3 mm. thick. 
Fix in formal-alcohol 1 to 4 hours. 

Dehydrate in acetone, 3 changes, each 12 hour. 

Clear in benzol for % hour or until transhicent. 

Infiltrate with paraffin mixture for 2 to 4 hours or overnight. 
. Embed as in slow method. 

Sectioning. 1. Set microtome to cut sections 5 to 10 microns in thickness. 

2. Cool knife by placing in cracked ice. 

3. Set knife in holder, place pivot with block attached in machine. 

4. Tighten all adjustment screws on microtome and set the knife at the proper 
angle so that it does not stick to the paraffin as sections are cut. The cutting edge of 
the knife should slant toward the block at a sharp angle. 

5. Adjust block so that long sides of tissue are parallel to knife edge. 

6. Bring block to knife by proper adjustment of microtome (Fig. 387). 

7. Cut. If the tissue has been properly infiltrated and the knife properly sharpened 
and set at the correct angle, long ribbons of tissue will be formed (Fig. 394). 


Nn Whd 


Fig. 394. Cutting sections. 


8. Using a camel’s hair brush lay ribbons of sections on the surface of a large dish 
of water heated to about 45° C. (Fig. 395) and stretch ribbon gently to remove 
wrinkles. (An electric water bath is extremely useful in maintaining correct water tem- 
perature.) Gently separate the tissue sections using a camel’s hair brush and needle 
(Fig. 396). 

Attaching Tissue Section to Glass Slide. Dip a slide which has been slightly 
heated and smeared with a thin film of Mayer’s albumen solution (mixture of equal 
parts of egg white and glycerine, beaten and filtered with the addition of 1 per cent 
sodium salicylate as a preservative) under a section. Place section in position on slide 
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and lift slide out of the water (Fig. 397). Drain on a towel, heat slide slightly by 
passing it quickly through the flame of a bunsen burner, and leave it in a slanting 
position to drain thoroughly. 

Dryinc. Place the slides in a box and put them in a warm oven (60° C.) for at 
least 1 hour. Remove and let cool before staining. This is essential. Otherwise sections 
may not adhere to the slides. 

STAINING AND MountTING. See pages 1128 and 1141. 


Fig. 397. Attaching section to glass slide. 


FROZEN SECTION METHOD OF PREPARING AND 
STAINING TISSUE SECTIONS 


This method (Fig. 398) is usually employed when rapid preparation of sections is 
imperative, although it is sometimes employed for the study of fatty substances in a 
tissue which would be lost if the paraffin or celloidin methods were employed. In the 
latter instance, special stains are utilized (page 1135). 

Fixation. Although tissue may be sectioned without prior fixation, it is usually 
quite difficult to cut. Therefore, the tissue is trimmed to not more than 3 mm. in thick- 
ness and 1 cm. on a side, and placed in hot (not boiling) 10 per cent formalin for 3 
to 4 minutes. For best results the formalin should be changed at least once daily. 

Sectioning. A few drops of water are placed upon the freezing platform and the 
block of fixed tissue laid in this water and so oriented that the first contact of the knife 
will be with one of the corners of the block. The tissue is now frozen solid by alternate 
releasing of the microtome valve with intermissions of 3 to 5 seconds. The automatic 
feed of the microtome should be adjusted to 15 microns. Sections should be cut slowly. 
They will be shredded and powdery when the tissue is too cold. If the tissue is too cold, 
wait 5 to 10 seconds and cut a few more sections. When the tissue is of a satisfactory 
degree of hardness, cut several sections and allow them to pile up upon the knife blade. 
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They may be wiped off the knife gently with a finger and floated in a large petri dish 
filled with water. Satisfactory sections will be coherent and fold and unfold in the 
water. A section may now be transferred to the surface of a glass slide by teasing it 
on to the slide with a section lifter or bent dissecting needle. A drop of Zephiran added 
to the water will facilitate this process. Once transferred, the section may be dried by 
holding it near an electric bulb. The slide should not be allowed to get warmer than a 
temperature which can easily be tolerated when the slide is touched to the back of the 
hand. 


Fig. 398. Equipment for preparing frozen sections. 


Staining. Some workers recommend simply dipping the slide in a 0.5 per cent solu- 
tion of thionin in 20 per cent alcohol for a few seconds, washing in water for several 
seconds, and applying a coverglass. The author recommends, however, that the section 
be stained by a rapid hematoxylin and eosin process. This takes only 2 to 3 minutes 
and the worker is rewarded with a permanent stained section which is much more 
satisfactory for diagnostic purposes than a temporary thionin section. The technic is 
as follows: 

1. Dip the slide in 80 per cent and then in absolute alcohol. Permit a few drops 
of a mixture of equal parts of ether and absolute alcohol to flow over the section and 
then cover with 1 drop of very thin celloidin (0.05 per cent). A thin film of celloidin 
now fastens the tissue to the slide. This step may be omitted if the worker is careful 
and gently dips the slide in and out of the reagents. Tissues have a tendency to become 
loose from the slide, especially following immersion in a dilute solution of ammonium 
hydroxide; hence the slide must be left for as short a time as possible in this solution. 

2. Immerse slide in Harris hematoxylin (page 1130) for from 15 to 20 seconds, or 
until the section is blue. Rinse in water. 

3. Immerse in a | per cent aqueous solution of hydrochloric acid for 2 to 5 seconds 
or until the section is red. Rinse in water. 

4. Immerse briefly in an extremely dilute solution of ammonium hydroxide (1 drop 
of concentrated ammonium hydroxide to 50 ml. of water) until the tissue is blue. Rinse 


in water. 
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5. Counterstain in a stock solution of eosin Y (page 1130) for 10 to 20 seconds. 
Rinse in water. 

6. Dehydrate in ascending strengths of alcohol, 80 per cent, 95 per cent, and 
absolute alcohol for from 15 to 20 seconds in each. It is important frequently to change 
the alcohol solutions in order to effect most rapid dehydration. The slide should be 
dipped in and out of the absolute alcohol until no yellow is being removed from the 
section. 

7. Immerse in xylol for 15 seconds and mount in balsam or Clarite. 


CELLOIDIN METHOD OF PREPARING TISSUE SECTIONS 


The main disadvantage of the celloidin method is that it takes months to infiltrate 
a large piece of tissue such as a lung or hemisphere of a brain. However, small pieces 
of tissue are quite readily embedded in celloidin. 

Celloidin is used for embedding in two or more solutions. The first is thin, one-half 
the strength of the stock or thick celloidin. Thick celloidin is prepared by dissolving 
30 gm. of dried material in 200 ml. of a mixture of equal parts of absolute alcohol and 
ether (Mallory). One must carefully dry the celloidin chips since they are preserved 
in water, although parloidin is now obtainable in dry glass bottles. It is customary to 
place the wet chips upon a piece of absorbent paper for 24 hours far removed from 
any heat source or flame. They should be protected from dust. 

Procedure. 1. The trimmed pieces of tissue are fixed and dehydrated as in the 
paraffin method for infiltration. 

2. Transfer tissues to a mixture of absolute alcohol and ether for 24 hours. 

3. Transfer to thin celloidin for at least 24 hours, or better, for several days. 

4. Place the pieces in the thick solution of celloidin for 1 or more days. 

5. The pieces are then grasped with forceps carrying as much of the celloidin with 
them as possible and oriented on a vulcanized fiber block. Block and tissue are imme- 
diately plunged into chloroform, where they are held submerged for 1 or 2 hours. 

6. Store in 80 per cent alcohol until sectioned. 

Sections may be cut on any microtome although the sliding type is preferred. The 
knife must be set at an angle of 45 degrees or more, so that nearly all the cutting edge 
passes through the tissue, and the block and knife must be kept wet with 80 per cent 
alcohol. Sections may be stained upon the slide. If celloidin sections are carefully 
blotted and the wrinkles ironed out, they will ordinarily adhere quite firmly to the 
slide. They must never be permitted to become dry during the staining process. Nearly 
all staining methods are applicable without removal of the celloidin. It it becomes 
necessary, the alcohol and ether mixture may be employed to dissolve the celloidin. 


METHODS FOR THE STAINING OF TISSUE SECTIONS 

Principles. 1. Paraffin and celloidin sections may be stained upon the slide. The 
type of staining jars used depends upon the number of slides to be stained (page 
1119). Jars containing reagents should be kept covered as tightly as possible when not 
in use (Fig. 399). 

2. For uniform results it is advisable to use distilled water in the preparation of all 
reagents. Alcohols and xylol solutions should be frequently changed. Staining solutions 
should be filtered whenever a scum of precipitated material appears upon the surface 
of the solution. Whenever slides are washed in tap water it is preferable to rinse them 
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briefly in distilled water before immersing them in the next reagent. Upon removing 
slides from a reagent the solution should always be drained thoroughly off the slides 
in order not to contaminate the subsequent reagent. This is best accomplished by 
briefly placing the edges of the slides upon a folded absorbent cloth. 

3. The technician will frequently be called upon to use special staining technics 
for the purpose of demonstrating certain tissue substances, cell products, or micro- 
organisms. The author wishes to emphasize that whenever any special staining technic 
is used a control tissue should be stained at the same time. For example, if a Kinyoun’s 
stain for acid fast bacilli is to be made, the technician should also section an embedded 
block of tissue that is known to contain acid fast organisms. This section should be 
stained at the same time and by the same technic as the tissue for which the special 
stain was requested. If examination of the tissue known to contain acid fast organisms 
fails to reveal their presence, the worker knows that there has been an error in staining 
technic and that examination of the unknown tissue would be a waste of time since 
negative findings would be of no significance. 


Fig. 399. Routine hematoxylin and eosin staining of sections. 


General Technic. Before staining, paraffin and celloidin sections usually must be 
“brought to water” and tissues previously fixed in solutions containing mercuric salts 
(Zenker’s or Helly’s fluid) must be treated with an iodine solution. The term “bring 
sections to water” refers to the following steps which, when required, must be conducted 
before staining. 

ParAFFIN SECTIONS. 1. Place slides in xylol for 5 minutes. 

2. Place in absolute alcohol for 3 minutes. 

3. Place in 95 per cent alcohol for 3 minutes. 

4. Place in 80 per cent alcohol for 3 minutes. 

5. Place in 70 per cent alcohol for 3 minutes. (If the tissues have been fixed in 
Zenker’s or Helly’s fluid, place in 0.5 per cent solution of iodine in 70 per cent alcohol 
for 5 minutes, wash briefly in tap water, and immerse in a 5 per cent solution of sodium 
thiosulfate for 3 minutes. ) 

6. Wash in tap water for 5 minutes and rinse in distilled water. 
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CELLOIDIN SEcTIONs. Follow directions given for paraffin sections omitting step 1 
and beginning with step 2. 

After most staining methods, sections are dehydrated in 2 changes of 95 per cent 
alcohol, followed by 2 changes of absolute alcohol, each solution for 3 minutes. They 
are then cleared in 3 separate changes of xylol, each change for 3 minutes. Tissue sec- 
tions are then mounted in balsam or Clarite (page 1141), unless otherwise noted in the 
staining procedure. The terms “dehydrate,” “clear” and “mount” refer to the steps 
mentioned herewith. 

All staining procedures given are applicable to paraffin sections, with the exception 
of the Sudan IV fat stain which requires frozen sections. All times given in staining 
procedures are approximate. The worker may find it necessary to increase or decrease 
them depending upon temperature, reagent concentration, and other factors. 

Most laboratories use hematoxylin and eosin as routine stains, although some 
workers prefer the phloxine and methylene blue technic of Mallory. The chief disad- 
vantage of the latter method is that for best results, each slide must be individually 
decolorized under the microscope. 

Hematoxylin and Eosin Stain. 1. Any fixative may be employed. 

2. Prepare the following: 

HEMATOXYLIN (HARRIS) 


Hematoxylin See aoa tee: Snir eee tee in pet ae eee 1.0 gm. 
Absolutesalcoholiic: « -:egnetvice ry etc: tee a eet narra 10.0 ml. 
Alums G@nanioniumsor potassivmy)in- eerie 20.0 gm. 
Distilledswaterie: =... Sui ian cestsee eee ee 200.0 ml. 
Merctiriés Oxide m4 hs ae ene are ee et gir ee 0.5 gm. 


Dissolve the hematoxylin in the alcohol. Dissolve the alum in the water by the aid 
of heat and add the alcoholic solution of hematoxylin. Heat the mixture to the boiling 
point and add the mercuric oxide. As soon as the mixture develops a dark purple color, 
cool quickly by plunging the vessel into cold water. It is ready for use when it has 
cooled. The solution stains well and may be kept for a long time. The addition of 8.0 
ml. of glacial acetic acid increases nuclear staining. 


EOSIN 
ESO SUNS Vinee ee 0 he ey gre A Ne EL ge OP a ee a 1.0 gm. 
OS spetecent yal colo eevesk ae ew wera wear a Pa 25.0 ml. 
Distilled water's ee: See ota eer ee 75.0 ml. 


ACID ALCOHOL 


Concentrated iby. drochlorcraci citar anne nrae 1.0 ml. 

(Oppentcenteal Cobol ay wens eer ea een a Pe pee are 100.0 ml. 
AMMONIA WATER 

Concentrated ammonium hydroxide................. 1 to 4 drops 

Distilled Waters een ey were erase ae eee ADS etek eee 100.0 ml. 


3. PRocEDURE. (a) Bring sections to water. 
(6) Stain in hematoxylin for 5 minutes. (Longer if Zenker’s or Helly’s fluid was 


used for fixation. ) 
(c) Wash in tap water for 1 minute. Decolorize in acid alcohol until tissues begin 


to appear red. 
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(d) Rinse in tap water and place in ammonia water. When sections appear blue, 
remove and wash in tap water for 5 minutes. Rinse in distilled water. 
(e) Stain in eosin for 1 to 2 minutes and rinse in tap water. 
(f) Dehydrate, clear, and mount. Nuclei are stained blue and cytoplasm pink. 
Phloxine and Methylene Blue Stain (Mallory). 1. Fixation in Zenker’s fluid. 
2. Prepare the following: 
PHLOXINE 
IeaNloy: shales Pe tee eae 1 Mente he 1k) canyons Me Deel Oe a 225g, 


Methylene bite ty, wxysa ene tes ee 1.0 gm. 

BOLAXS PINE Ly MeO ite rig einer EEE Ae ne SR ee nee 1.0 gm. 

Distilledewatert. tao tle ee RY Sala Le Ma LY ogee i00.0 ml 
AZURE 2 

PZT OSD A aparece BAS erg WANE sent THEN, | UR SP ARR oy Par 1.0 gm. 

Distilledsawater weaves tt te ee eee 100.0 ml 


ROSIN-ALCOHOL SOLUTION 


Rosin. (colophany,) eer ope a aes nance Ce iene 0.5 gm. 
Ostpercehtwalcoholl yaad eu ee cla Lue ee eee 100.0 ml. 


3. PROCEDURE. (a) Bring sections to water. 

(6) Stain in phloxine for 10 to 20 minutes. Rinse in distilled water. 

(c) Stain in methylene blue-azure 2 mixture (add 5.0 ml. of methylene blue solu- 
tion and 5.0 ml. of azure 2 solution to 90.0 ml. of distilled water) for 10 minutes. Rinse 
in distilled water. 

(d) Differentiate and dehydrate in rosin-alcohol solution until sections are pink 
and nuclei are blue. Slides must be kept in constant motion, and decolorization should 
be controlled with a microscope. 

(e) Place in absolute alcohol for 5 minutes. 

(f) Clear and mount. Nuclei are stained blue and cytoplasm pink. 

Picric Acid-Acid Fuchsin Stain (Van Gieson) For Connective Tissues. 1. Any 
fixation may be employed. 

2. Prepare the following: 


WEIGERT’S IRON HEMATOXYLIN 


Solution A 
ematoxvVii eee mae ye hays oop leer st alu Pah ree a et 1.0 gm. 
ANibsoluteralconolttts eke) thong he ace rte cote 100.0 ml. 
Solution B 
Ferric chloride (29 per cent aqueous solution) ..... 5 4.0 ml. 
Distilledwatetewiseutee eke aa ttie cet cs etek acts fn arckel ey: 95.0 ml. 
Concentrated hy drochloticeactd: 3-4 cau! mak mS 1.0 ml. 


For use mix equal parts of A and B. 


VAN GIESON’S SOLUTION 


1 per cent aqueous solution of acid fuchsin .......... 5.0 ml. 
Saturated aqueous solution of picric acid ............. 100.0 ml. 
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3. PROcEDURE. (a) Bring sections to water. 

(6) Stain in Weigert’s iron hematoxylin for 10 minutes. 

(c) Wash in tap water for 3 minutes. Rinse in distilled water. 

(d) Stain in Van Gieson’s mixture for 5 minutes. 

(e) Place in 95 per cent alcohol for 5 to 10 seconds. 

(f) Immerse in 2 changes of absolute alcohol, each for 3 minutes. 

(g) Clear and mount. Collagen is stained red; all other tissues are stained yellow. 

Trichrome Stain (Foot’s Modification of Masson’s Method) For Connective 
Tissues. 1. For fixation Bouin’s fluid is preferred, although Zenker’s fluid, or formal- 
alcohol fixation may be employed. 

2. Prepare the following: 


PONCEAU-ACID FUCHSIN-ORANGE G SOLUTION 


RonceanrderxyliGine te eager neste tei eee ee 0.2 gm. 
Aciditiuchsine ston Mire. eee ee ee es eee ee 0.1 gm. 
Oranges Ge eee AT RIE PNR ek) aerate 28 0.1 gm. 
0.2 per cent solution of glacial acetic acid in distilled 

Watelcre ea sk yeas de coe ny ee tie a en 300.0 ml. 


PHOSPHOTUNGSTIC ACID SOLUTION 


LPAI a) VOLHODAVAN UNC: CVO oN, mon wdubavracaaaagnucanoue 3.0 gm. 
Distilled fwaterec. c...Aonr a2 cw eee: cat sacredness 100.0 ml. 


Tiphiw Creer snd ccyicne te geo oe rer ad eee AG ae 0.1 gm. 
0.2 per cent solution of glacial acetic acid in distilled 
Wa Lea Sees en Wen Me eter ee acne or ev ee 100.0 ml. 


Gaeta leaceti Crack ee eee eee 0.2 ml. 
Distilledswater ao on hets ae ce eee ad ee Oe ee 100.0 ml. 


3. PROCEDURE. (a) Bring sections to water. 

(6) Stain in Harris hematoxylin for 5 minutes. 

(c) Wash in tap water until sections are blue. 

(d) Counterstain in ponceau-acid fuchsin-orange G solution for 5 minutes. Rinse 
in acetified water. 

(e) Place in phosphotungstic acid solution for 5 minutes. Rinse in acetified water. 

(f) Place in light green solution for 5 minutes. 

(g) Immerse in acetified water for 5 minutes. 

(h) Dehydrate, clear, and mount. Nuclei are stained blue; bone, cartilage, collagen 
and mucus are stained green; myelin sheaths, colloid, keratin, red cells and fibrin are 
stained orange; muscle, cell cytoplasm and elastic fibers are stained red. 

Phosphotungstic Acid-Hematoxylin Stain (Mallory) For Connective Tissues. 
1. Zenker’s fluid is required for fixation. If formalin fixed tissues are used, the slide 
should be “brought to water” and then immersed in Zenker’s fluid for 6 hours. The 
mercuric precipitates must then be removed by immersing slides in Lugol’s iodine solu- 
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tion for 5 minutes, in a 5 per cent solution of sodium thiosulfate for 1 minute, washing 
in tap water for 5 minutes and rinsing in distilled water. 
2. Prepare the following: 


PHOSPHOTUNGSTIC ACID HEMATOXYLIN 


US Kael Nop. ard Mal phos betel ee artis AR te 1.0 gm. 
IPhospiotunesticwa cident wa ame neat heen en ee 20.0 gm. 
Distilled. waterncet aa e hep eee an ee ne 1000.0 ml. 


Dissolve the hematoxylin in 500.0 ml. of water and the phosphotungstic acid in 500.0 ml. 
of water. Mix the solutions and add 5.0 ml. of a 0.25 per cent solution of potassium per- 
manganate solution to permit immediate ripening of the solution. 


POTASSIUM PERMANGANATE SOLUTION 


IPOtAaSStUMT SelM AN SAIN AY Camere wee ut teeta ars en oe eee 0.5 gm. 
Distilled Swater aes: oe ee ee a ree 200.0 ml. 


3. PROCEDURE. (a) Bring sections to water. 

(6) Place in 0.25 per cent aqueous solution of potassium permanganate for 15 
minutes. Wash in tap water for 3 minutes and rinse in distilled water. 

(c) Place in a 5 per cent solution of oxalic acid for 5 minutes. 

(d) Stain in phosphotungstic acid hematoxylin for 12 to 24 hours. 

(e) Place in 95 per cent alcohol for 1 minute and in absolute alcohol for 5 minutes. 

(f) Clear, and mount. Nuclei, fibroglia, neuroglia, elastic fibrils, fibrin and con- 
tractile elements of striated muscle are stained blue; collagen and ground substances 
of bone are stained brownish red; cell cytoplasm and axis cylinders are stained red. 

Aniline Blue Stain (Mallory) For Connective Tissues. 1. Fixation in Zenker’s 
fluid. 

2. Prepare the following: 


ANILINE BLUE SOLUTIUN 


ATi li CDC iges 2 ib oe ecg eke RS ee aed aA RRO ad cones 0.5 gm 
OLANC CLG Reig ern eke eee Cae Cet va eye 2.0 gm. 
1PavoysjeevouubineasEKe BOVE: «12 weakso ooln vos on dap aaodauebe 1.0 gm. 
Distilled Rwatetsr. ken. knee aOR Te uss 2 eh 100.0 ml. 


ACIC MIMI CHSitine ny eam parti haere smite ed, miata 0.5 gm. 
Distilled Awater? RRA ae teetioy ei See a cetera 100.0 ml. 


3. PRocEDURE. (a) Bring sections to water. 

(6) Stain for 5 minutes in acid fuchsin solution. Drain and immediately stain in 
the aniline blue solution for 30 to 60 minutes. 

(c) Dehydrate, clear, and mount. Collagen fibrils, reticulum and amyloid are 
stained blue; nuclei, cytoplasm, neuroglia fibrils, axis cylinders and fibrin are stained 
red; red blood cells and myelin sheaths are stained yellow; elastic fibrils are stained 
pale pink or yellow. 

Elastic Tissue Stain (Verhoeff). 1. Any fixative may be used. Tissues fixed in 
Zenker’s or Helly’s fluids need not be treated with iodine and sodium thiosulfate for 
the staining solution itself will remove the precipitated mercuric salts. 
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2. Prepare the following: 
ELASTIC TISSUE STAIN 


1B SraeIopolin: Cauley i. waceousPesvcagged qondsusade 1.0 gm. 
INT SO ULE Ral GONO lee wee we eacp ad ce eee a ee ees oe 20.0 ml. 


Dissolve by the aid of heat, filter, and add in the 
order given. 


Ferric chloride (10 per cent aqueous solution) ....... 8.0 ml. 
Lugol’s solution (iodine, 2.0 gm.; potassium iodide, 4.0 
gin distilled. watery 100) mila) Saas. ce eee este 8.0 ml. 


This solution does not keep longer than 1 month. 


FERRIC CHLORIDE SOLUTION 


eric sc HIOLI Gems tex sies nce arene eee ee eee 2.0 gm. 
istilledewater tw tetas eaten tar ee cee eee aoe: 100.0 ml. 


SODIUM THIOSULFATE SOLUTION 


Sodium thiosuliatesewraa. he ceeee tee ees eee eee ses 5.0 gm. 
Distilled sy wateries fies n Ak eee ee ee ee ees 100.0 ml. 


3. Procepure. (a) Bring sections to water. 

(6) Stain tissue in elastic tissue stain from 15 to 60 minutes until perfectly black. 

(c) Differentiate in ferric chloride solution. This step requires but a few seconds. 
Control it by examining the section with a microscope. If carried too far, the section 
may be restained. 

(d) Place in sodium thiosulfate solution for 1 minute. Wash in tap water for 5 
minutes. Rinse in distilled water. 

(e) Stain for 1 to 2 minutes in eosin (page 1130). Rinse in distilled water. 

(f) Dehydrate, clear, and mount. Elastic tissue is stained black; connective tissue, 
fibroglia, myoglia and neuroglia are stained red. 

Reticulum Stain (Wilder). 1. For fixation use 10 per cent formalin, Zenker’s or 
Helly’s fluids. 

2. Prepare the following: 

HYDROBROMIC ACID 


Concentrated hydrobromic acid (Merck) ............ 25.0 ml. 
Distilledswater safc eo ee en ee 75.0' mil. 


SILVER DIAMINO HYDROXIDE SOLUTION 


To 5.0 ml. of 10.2 per cent aqueous solution of silver nitrate, add concentrated ammonium 
hydroxide drop by drop until the precipitate which forms is dissolved. Add 5.0 ml. of 3.1 per 
cent sodium hydroxide and just dissolve the resulting precipitate with a few drops of am- 
monium hydroxide. Make the solution up to 50.0 ml. with distilled water. 


REDUCING SOLUTION 


Distilled watery a. dets 4c et A lees 2 rd 50.0 ml 

Neutral 10 percent, formalin.) se. <9 eee eee 0.5 ml 

1 per cent aqueous solution of uranium nitrate ........ 0.5 ml 
POTASSIUM PERMANGANATE SOLUTION 

Rotassnime permanganate =). 1.) 8 ee 0.5 gm. 


Distilled wattle Mot in.e ss. cc on ee ee ee 200.0 ml. 
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URANIUM NITRATE SOLUTION, ONE PER CENT 


RIPADIIM NUTR y Ae horace des yng eee kk Se 1.0 gm. 
Distilleds water wart. .o owe A ee eae Ne, eee 100.0 ml. 


Goldgchlonidegs, caress Phy. tine ee, Nh) bee 1.0 gm. 
Distiledawatere spu0 meee Mack eee ee ORR eee 100.0 ml. 


For use, add 5.0 ml. of stock solution to 20.0 ml. of 
distilled water. 


SODIUM THIOSULFATE SOLUTION (PAGE 1134) 


3. PROCEDURE. (a) Bring sections to water. 

(6) Place in potassium permanganate solution for 5 minutes. Rinse in distilled 
water. 

(c) Place in hydrobromic acid solution for 1 minute. Wash in tap water for 5 
minutes. Rinse in distilled water. 

(d) Place in 1 per cent uranium nitrate solution for 5 seconds or less. Wash in 
distilled water for 20 seconds. 

(e) Place in silver diamino hydroxide solution for 1 minute. Rinse for 2 seconds 
in 95 per cent alcohol. 

(f) Place for 1 minute in reducing solution. 

(g) Rinse in distilled water and place in diluted gold chloride solution for 1 min- 
ute. Rinse in distilled water. 

(A) Place in sodium thiosulfate solution for 2 minutes. Wash in tap water for 3 
minutes. 

(i) Dehydrate, clear, and mount. Reticulum is stained black. 

Osmic Acid Method for Staining Fat. This method is most useful when large 
numbers of sections are to be prepared. Blocks of tissue are fixed in Flemming’s solu- 
tion (page 1120) for 48 hours. This blackens certain fats and fatty acids. Wash in 
running water for 24 hours. The tissues are then placed in absolute alcohol for 12 hours, 
cleared in cedar-wood oil and infiltrated with paraffin. After sectioning and attaching 
sections to slides in the usual manner, proceed as follows: (a) rinse briefly in chloro- 
form until paraffin is dissolved, and (6) mount in balsam thinned with chloroform 
(xylol should not be used in diluting balsam). Fat is stained black. 

Sudan IV (Scarlet Red) Stain for Fat (Herxheimer). 1. Only frozen sections 
may be used since, in the paraffin technic, fat is dissolved in the dehydrating agents, 
For fixation use 10 per cent formalin. 

2. Prepare the following: 

SUDAN IV SOLUTION 


Surcatig ll Vignes ath cht eae Gino. ot CIEE PaO eee ee ee 1.0 gm. 
WO: Der cenivalCONOL RS iwi tae res mika acts ae anced ag 50.0 ml. 
INCELOMC Hr Ee eR ric ne eA nc Binh arete de sebastien 50.0 ml. 


Keep in tightly stoppered bottle. 


3. ProceDuRE. (a) Cut frozen sections. Float sections on slides and allow them 


to dry at room temperature. 
(6) Stain sections for 5 minutes in Sudan IV solution. 
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(c) Rinse for 5 seconds or less in 70 per cent alcohol. Rinse in distilled water. 

(d) Counterstain for 3 minutes in Harris hematoxylin. 

(e) Wash in tap water for 5 minutes. Rinse in distilled water. 

(f) Mount in glycerin or glycerin jelly. Fat is stained red; nuclei are stained 
blue. 

Crystal (Methyl) Violet Stain For Amyloid (Mayer). 1. For fixation use 10 per 
cent formalin. 

2. Prepare the following: 


CRYSTAL VIOLET SOLUTION 


Cnystal violets ers OF divs ce ant eer men hale ee fee 1.0 gm. 
Distilled cwatersees. "aac! cee ee an eee Wey 100.0 ml. 


Glacial Saceticwacidie a cd cee ho, ee ea 1.0 ml. 
Distilledicwatetvrsy s2.meoke elle seen ee ee tetera ae 100.0 ml. 


3. PROCEDURE. (a) Bring sections to water. 

(6) Stain in crystal violet solution for 5 minutes. 

(c) Wash in acetic acid solution for 1 minute. 

(d) Wash 5 minutes in tap water. Rinse in distilled water. 

(e) Mount in glycerin. Amyloid is stained a reddish color; other tissues are stained 
blue. The stain fades rapidly and slides are not permanent. 

Carmine Stain for Glycogen (Best). 1. For fixation use absolute alcohol. Tissues 
fixed in 10 per cent formalin for not over 48 hours are stated by some workers to be 
satisfactory for staining purposes. 

2. Prepare the following: 


CARMINE SOLUTION 


Carmine aya eee ar Oe eee ey gee ee eae hee 2.0 gm. 
RotasstuimiCcarbonate vases ye ee a ar ne 1.0 gm. 
RotassimmiechlorideP er were pee ee er a ee eee ds 5.0 gm. 
Distilledswaters eels Wee hee ae ier eae © ek ae 60.0 ml. 


Boul mixture gently for several minutes, but de not overheat. Cool the solution and add 
20.0 ml. concentrated ammonium hydroxide. Ripen for 24 hours and store solution in re- 
frigerator. Filter, and dilute before using in the following manner: 


Carmin efsolutionseee hoa. 4. apr etae ce eee oe ae 10.0 ml. 
Concentrated ammonium hydroxide .................. 15.0 ml. 
Methy liga Coolie ecw anc a. ay Sterne ear eh er ae 15.0 ml. 


Absolutevalcoholite 2.45 ses Se ee ee ee eee 20.0 ml. 
Methyl Zaleohols sete. cohen a ei a eee 10.0 ml. 
Distillédswatere aw eee Ce ce Se ee ee eee ae 25.0 ml. 


3. PROCEDURE. (a) Bring sections to water, transferring directly from 80 per cent 
alcohol into a brief rinse of distilled water. 

(6) Stain in Harris hematoxylin for 2 minutes. 

(c) Rinse briefly in acid alcohol. (This step may not be necessary.) 

(d) Stain with the diluted carmine solution for 30 minutes. 
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(e) Place in differentiating solution for 10 to 20 seconds. 

(f) Rinse briefly in 80 per cent alcohol. Place in 2 changes of absolute alcohol, 
each for 3 minutes. 

(g) Clear, and mount. Nuclei are stained blue: glycogen is stained red. 


Stain For Iron-Containing Pigments (Berlin). 1. For fixation use 10 per cent 
formalin. 


2. Prepare the following: 


FERROCYANIDE-ACID SOLUTION 


2 per cent solution of potassium ferrocyanide .......... 20.0 ml. 
1 per cent solution of concentrated hydrochloric acid... 60.0 ml. 


Heat mixture in beaker to about 70° C. and then pour in a staining jar. The solution should 
be freshly made and used immediately while still hot. 


3. PROCEDURE. (a) Bring sections to water. 

(6) Stain 30 to 60 seconds in the hot ferrocyanide-acid solution. 

(c) Wash in tap water for 3 minutes and rinse in distilled water. 

(d) Counterstain with hematoxylin and eosin. 

(e) Dehydrate, clear, and mount. Nuclei are stained blue; cytoplasm is stained 
pink; iron containing pigments are stained blue. 

Stain for Argentaffin Granules (Masson). 1. For fixation use 10 per cent 
formalin. 

2. Prepare the following: 


FONTANA’S AMMONIACAL SILVER HYDROXIDE 


Dissolve 5.0 gm. of silver nitrate in 100.0 ml. of distilled water. Then add concentrated 
ammonium hydroxide drop by drop until the solution is clear. To this solution add drop by 
drop a 5 per cent aqueous solution of silver nitrate, shaking between drops, until the solution 
becomes faintly cloudy. Let stand overnight and filter before use. 


3. PRocEDURE. (a) Bring sections to water. 

(6) Immerse in Fontana’s solution for 12 to 48 hours in a covered vessel. Keep 
in dark. 

(c) Rinse in distilled water. Immerse in 5 per cent sodium thiosulfate for 3 minutes. 

(d) Wash in water for 5 minutes. Rinse in distilled water. 

(e) Dehydrate, clear, and mount. Argentaffin granules are stained black. 

Mucicarmine Stain (Mayer). 1. For fixation use 10 per cent formalin. 

2. Prepare the following: 

MUCICARMINE SOLUTION 


Carmine’ se ee ek en ees SA Se eee 1.0 gm. 
Anhydrous aluminumischloride wt.1js 6055 ee el ee 0.5 gm. 
Distilled i wateta nites yarn tonite ee eee ieee een, 2.0 ml. 


Mix solutions and heat over low flame for 2 minutes until liquid becomes dark. Add mix- 
ture to 100 ml. of 50 per cent alcohol and let stand for 24 hours. For use mix 1 part of stock 
solution with 10 parts of distilled water. 


3. ProcEDURE. (a) Bring sections to water. 
(6) Stain for 30 minutes in diluted mucicarmine solution. 
(c) Dehydrate, clear, and mount. Mucin stains red. 
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Niss] Stain (Keller) For Nerve Tissues. 1. For fixation use 10 per cent formalin. 
2. Prepare the following: 


CRESYL VIOLET STATIN 


Gresyliviolets ner, nn jie poner <a RM ae ee 0.5 gm. 
Distilledewater. 5 Gee eerie Hea armen emcee 100.0 ml. 


3. ProcepureE. (a) Bring sections to water. 

(6) Place in cresyl violet stain for 5 minutes. Rinse in 2 changes of distilled water. 

(c) Place in 95 per cent alcohol for 30 seconds. Place in absolute alcohol for 30 
seconds. 

(d) Immerse in xylol for 1 minute. Place in equal parts of balsam and xylol for 2 
minutes. Place in absolute alcohol for 30 seconds. 

(e) Clear, and mount. Nissl bodies are stained blue-black; nuclei are stained blue; 
the background is colorless. 

Myelin Sheath Stain (Weil). 1. Sections should be cut 15 microns in thickness. 

2. For fixation use 10 per cent formalin. 

3. Prepare the following: 


HEIDENHAIN’S HEMATOXYLIN SOLUTION 
Plemiatoxyliing etude te <2ih te rere pnt ee ae, ae 0.5 gm. 
OS -MerccentwalcOholay fees een fe es eee 10.0 ml. 


Heat the alcohol, dissolve the hematoxylin and add 90 ml. distilled water. Allow the stain 
to ripen for 4 to 6 weeks. Use the stain only once. 


IRON ALUM SOLUTION, 5 PER CENT 


From al tee Oe acts ata 2 ee NTN tre ee ae 5.0 gm. 
Distilledawater: ¥o. oce oe ees Ge hee 100.0 ml. 


IRON ALUM SOLUTION, 2.5 PER CENT 


Dilute 50.0 ml. of 5 per cent iron alum solution with 50.0 ml. of distilled water. 


4. ProcepurE. (a) Bring sections to water. 

(6) Place in 5 per cent iron alum solution for 1 hour. 

(c) Place in 10 per cent aqueous solution of Heidenhain’s hematoxylin for 1 
minute. 

(d) Immerse in Heidenhain’s hematoxylin solution for 2 to 4 hours. Rinse in 
several changes of distilled water. 

(e) Place in 2.5 per cent iron alum solution until the grey matter can just be dis- 
tinguished. Control this step with a microscope. Do not overdifferentiate. 

(f) Wash in tap water for 3 minutes. Rinse in distilled water. 

(g) Dehydrate, clear, and mount. Myelin sheaths are stained blue. 

Glial Stains. For these consult Turner (A Manual of Neurohistologic Technique, 
St. Louis, C. V. Mosby Co., 1940), Lillie (Histopathologic Technique, Philadelphia, 
Blakiston Co., 1948), or Lee (The Microtomists Vade-Mecum, Philadelphia, Blakiston 
Corals: 
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Kinyoun’s Stain For Acid-Fast Bacilli. 1. For fixation use 10 per cent formalin. 
2. Prepare the following: 


KINYOUN’S CARBOLFUCHSIN 


DastGniuchsin.ge Were ener te tathl re eee be 4.0 gm 
Bnenolecrystalsin ty 75 2 ates Seek ng! Oa) ah Dae eaten 8.0 gm 
OSAPeh CEN AICORO mk at. Nope eee erates een.” 20.0 ml 


Heat the alcohol and dissolve the basic fuchsin and phenol crystals and then add 100 ml. 
distilled water. 


METHYLENE BLUE SOLUTION 


Methylenet blucwe sce. iy aie epee aa ete en 1.0 gm. 
BOraKS Pee eo acti Nets eh Ns aint RI RLY SPREE Us Ss 1.0 gm. 
Distilledewater ere ke. Sek fhm new ae ete care eee 400.0 ml. 


ACID ALCOHOL SOLUTION 


Concentratedsay drochioxicrcidenmr sm tae n neem 1.0 ml. 
OSypenicen tal cooley fins ©. wp cee nee a Ce inn re 100.0 ml. 


3. PROCEDURE. (a) Bring sections to water. 

(6) Stain in Kinyoun’s carbolfuchsin for 1 hour at 50° to 60° C. Rinse in tap 
water. 

(c) Place in acid alcohol solution for 10 to 30 seconds. 

(d) Wash in tap water for 2 minutes and rinse in distilled water. 

(e) Stain in methylene blue solution for 1 minute. Rinse in tap water and then in 
distilled water. 

(f) Dehydrate, clear, and mount. Acid-fast bacilli are stained red; red blood cells 
are stained pink; the background is stained blue. 

Warthin-Starry Stain for Spirochetes. 1. For fixation use 10 per cent formalin. 

2. Prepare the following: 


ACIDULATED WATER (PH 4.4) 


Distilled water cee eee ei eee ee 1000.0 ml. 
INGUCOUSECITTICTa CIC ele p Cla Gel Dmann ea eee See lomarops 


SILVER NITRATE SOLUTION, 2 PER CENT 


Silvensnitrateyrm, sem cee Cee wa ere Ee Nk oar alc 4.0 gm. 
PS CLAW ated (Waleremraerne cre Mesmu latte cio eaten ene 200.0 gm. 


Store in dark bottle 
SILVER NITRATE SOLUTION, 1 PER CENT 


Silviersnit tae 2: petcent SOLUt] ON an ts aril tr eneere ria 50 ml. 
INcidilateds waters sett mabe ane ceeie ctu ee een 50 ml. 


HYDROQUINONE SOLUTION, 3 PER CENT 


Py dtoquinone Hay ARO hy Sankt, eee eek tees Ai 3.0 gm. 
PVG lat ealcWal Cham tice ca tee seed eee ee ee ae. 100.0 ml. 
GELATIN SOLUTION, 5 PER CENT 
Gelatin a She Minto tay a ts eat fie re ath ten cat dieser eat ome 5.0 gm. 
FNEUOITIERAEIAWENIO PM ne id els o dia gin aura. cob prs Ons Geom 100.0 ml. 


Heat in paraffin oven for 1 to 2 hours. 
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AQUEOUS SODIUM THIOSULFATE SOLUTION, 5 PER CENT (PAGE 1134). 


3. ProcepuRE. (a) Bring sections to water. Rinse in acidulated water. 

(6) Place in 1 per cent silver nitrate solution in paraffin oven (55° to 60° C.) for 
30 minutes. 

(c) Place slide in a flat dish. Add 15.0 ml. of warm 5 per cent gelatin solution to 
3.0 ml. of 2 per cent silver nitrate solution, mix and add 1.0 ml. of 3 per cent hydro- 
quinone solution. Mix rapidly and pour over slide. 

(d) When gelatin solution begins to turn brownish-black, remove and rinse slide 
in warm distilled water. 

(e) Place in 5 per cent sodium thiosulfate solution for 1 minute. Wash in distilled 
water for 3 minutes. 

(f) Dehydrate, clear, and mount. Spirochetes are stained black; the background 
is stained a yellowish-brown. 

Giemsa Stain For Bacteria. 1. Any fixative may be used. 

2. Prepare the following: 

GIEMSA STAINING SOLUTION 


GIEIMSaUSLOCKeSOLUGION wane enone acne ham er ene ee 40 drops 
DIStiMle ec Wa tera Leet ye ccs gio Paetycte Oise Ney eg ON eee a ae 40.0 ml. 


The prepared stock solution of Giemsa stain may be purchased. 
DILUTE ACETIC ACID SOLUTION 
(slaGialinaceti CRAG’ wan tice rete thse eee Oe Grane ae Ex 0.5 ml. 
Distilled swaterse tal. c1gs - Shen cn Ae oh eee ees OO Oma s 
3. PROCEDURE. (a) Bring sections to water. 
(6) Stain for 1 hour in freshly prepared Giemsa staining solution. Rinse in distilled 
water. 
(c) Rinse for 10 to 15 seconds in dilute acetic acid solution. 
(d) Dehydrate, clear, and mount. Bacteria and nuclei are stained blue; cytoplasm 
is stained red. 
MacCallum and Goodpasture’s Stain For Gram-Positive and Gram-Negative 
Bacteria. 1. Any fixative may be used. 
2. Prepare the following: 


GOODPASTURE’S STAIN 


Basie fuchsin’, «70. ot tyne ree ae oe eee ee eer 0.59 gm. 
ATL GS Mery. nS ac tcc std Pa eee en Os ea a ee 1.00 ml. 
Phenolvicrystalsss 032+ eee eee oe ee 1.00 gm. 


S0spericentyal cohol sein eee eee ee ee 100.00 ml. 


GRAM’S IODINE SOLUTION 
Todinevs F<e.c Ay. tot tlc ee ene 40) faa. 


Potassium iodides. eeic-.s a eee 2.0 mmCme 
Distilled water .... 3 odes an 2 Sew gy ee ie eae ee 300.0 ml. 
STIRLING’S CRYSTAL VIOLET SOLUTION 
Crystal violet Se TIO. fo Ve See See. SOEs 008 
Absolute alcohol . RE eS Hee ea be hate 10.0 ml. 
PNTUITIG ye sO, ens ova a ee ee Se 2.0) male 
Distilled water REY £79 RAE i tics os an 88.0 ml. 
PICRIC ACID SOLUTION 

Picric acid i Sea eer 1.0 to 3.0 gm. 
Distilled: Wateprmety. = a. oo. & ss See see Pee » eLOOOSnals 


Add picric acid until solution is saturated. 
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3. PROCEDURE. (a) Bring sections to water. 

(6) Stain in Goodpasture’s stain for 20 minutes. Rinse in distilled water. 

(c) Place in full strength formalin for 5 to 10 seconds. Wash in distilled water 
for 1 minute. 

(d) Place in picric acid solution for 5 minutes. Wash in distilled water for 1 minute. 

(e) Place in 95 per cent alcohol until red color reappears. Wash in distilled water 
for 1 minute. 

(f) Place in Stirling’s crystal violet solution for 5 minutes. Rinse in distilled water. 

(g) Place in Gram’s iodine solution for 2 minutes. Du not wash. Gently blot 
section dry. 

(A) Place in a solution of equal parts of aniline and xylol until no more color leaves 
section. 

(7) Immerse in 2 changes of xylol, each for 3 minutes, and mount. Gram-positive 
organisms are stained blue; gram-negative organisms are stained red; the background 
is reddish-purple. 

Enzymatic and Metachromatic Stains. For an excellent discussion of enzymatic 
stains, metachromatic stains, and other staining procedures not covered in this section, 
consult Glick (Technique of Histo- and Cytochemistry, New York, Interscience Pub- 
lishers, 1949) or Lillie (Histopathologic Technique, Philadelphia, Blakiston Co., 1948). 

Periodic Acid Schiff Procedure for Staining the Polysaccharides of Fungi. 

1. Fixation in 10 per cent formalin. Prepare the following: 


PERIODIC ACID SOLUTION 


PetiodiGn acid Apargaee eens aor ee rem ee re 1.0 gm. 
Distilledmwaterye peste cl ee eA ere een 100.0 ml. 
SCHIFF REAGENT 
BASIGALUCDSINS A: genie ee rae whee nn ON a oa be 0.5 gm. 
PONS DNT THKSISUIIE 9, tbe don cucwngng kecoae 0.5 gm. 
Activated charcodlac ipa ae ian eet hen at ees 0.5 gm. 
eVehydrochioncyacidiee: ie is. eee teen 10.0 ml. 
Distilledaiwaterien er SUITS. bal teen cath ik. 100.0 ml. 


Dissolve basic fuchsin in boiling distilled water. Cool to 50°C. Filter, and add hydro- 
chloric acid and potassium metabisulfite. Let solution stand overnight in the dark. Add acti- 
vated charcoal, shake thoroughly and immediately filter. Solution should be colorless and can 
be used until color reappears. Store in tightly stoppered bottle in refrigerator. 


2. Procepure. Place in xylol for 5 minutes. Rinse in absolute alcohol, then rinse 
in distilled water. Place in periodic acid solution for 5 minutes. Wash in water for 5 
minutes. Place in Schiff reagent for 10 minutes. Wash in water for 10 minutes. Dehy- 
drate, clear and mount. Glycogen, thyroid colloid, amyloid, basement membranes, 
mucopolysaccharides of ground substance and fungus organisms are stained red. Other 
tissues are colorless or slightly pink. 


MOUNTING METHODS 


Canada balsam or a synthetic material such as Clarite is usually used. Place a drop 
of mounting material on the tissue and cover with a coverglass. If the material does not 
immediately spread over the section without the inclusion of air bubbles under the 
cover, it is too cold or too thick. Gentle warming followed by gentle pressure will 
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accomplish the desired results. If the material is quite thick, add a little xylol and mix 
until it has a thin syrupy consistency. It is important to add just the right sized drop 
to the slide. If too much is added, it will flow from beneath the cover and cause a 
sticky, dirty preparation. It is important also that not too much mounting media be 
used lest it interfere with the distinctness of the microscopic image, or prevent the use 
of the oil immersion lens. On the other hand, if too little is used, the whole section will 
not be covered, air bubbles will form and the tissue will eventually dry out. Any excess 
mounting media should be wiped off with a cloth dampened with xylol when the slide 
is labeled. " 

Certain stains are oil soluble and sections require mounting in glycerin. Semiper- 
manent mounts can be made by using pure glycerine as the mounting material and 
then rimming the edges of the coverslip with asphalt varnish. If the glycerine is com- 
bined with gelatin, the preparations will last for a long time, being practically perma- 
nent. Kaiser’s glycerin jelly (Mallory) is prepared by soaking 40.06 gm. of gelatin in 
210.0 ml. of distilled water for 2 hours and then adding 250.0 ml. ef glycerin and 5.0 
gm. of phenol crystals. The mixture is gently heated for 15 minutes and stirred until 
smooth. The jelly is kept in the ice box and melted when needed. 


SPECIAL HISTOLOGIC METHODS 

Aspiration Biopsies. Frequently small bits of tissue from the liver, spleen, lymph 
nodes or tumors are aspirated through a large gauge needle into a syringe of saline, 
emptied into a test tube and sent to the laboratory for cytologic examination. The 
fragments of tissue and salt solution should be carefully transferred to a large centri- 
fuge tube. After centrifuging for 20 to 30 minutes at about 1500 r.p.m. all but 1.0 ml. 
of the supernatant fluid is poured off and the tube half filled with formal-alcohol. One 
drop of serum is now added and the tube centrifuged for another 20 to 30 minutes. 
After the tube is allowed to stand for 4 to 8 hours in order to properly fix the centri- 
fuged sediment, the fixative is poured off and the button of sediment is carefully 
loosened with applicator sticks. This button is then processed, cut and stained in the 
usual manner (pages 1120 and 1128). However, before embedding, the button should 
be cut into several strips and the strips embedded upon their cut edges. 

Body Fluids. Pleural, peritoneal, pericardial and spinal fluids may be handled in 
the laboratory by processing the fluid as though it were an aspiration biopsy. Centri- 
fuged sediment will form a button as just described. If much sediment is evident, a 
round bottom tube should be used, rather than a regular centrifuge tube. 

Papanicolaou’s Method for the Cytologic Examination of Body Secretions. 
Secretions from the vagina, prostate gland or endocervix are smeared on clean glass 
slides and fixed immediately while wet in a mixture of equal parts of 95 per cent alcohol 
and ether for 15 to 30 minutes. Bronchial aspirates, urine, pleural and peritoneal fluids 
should be centrifuged immediately for 20 minutes at 1500 r.p.m. and the supernatant 
fluid poured off. Smears of the centrifuged sediment are then prepared on slides which 
have been coated with a thin layer of Mayer’s albumen solution. The smear should be 
fixed in the alcohol-ether solution for 20 to 30 minutes. Sputum may be collected in 70 
per cent alcohol, smeared on albumen coated slides and fixed in the alcohol-ether solu- 
tion for a minimum of | hour. 

Although numerous modifications of staining technics have been described, the 
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following procedure as advocated by Papanicolaou, has proven satisfactory in the 
Department of Pathology of Temple University Hospital: 

1. Bring slides to distilled water, running them through successive solutions of 80, 
70 and 50 per cent alcohol. 

2. Stain in Harris hematoxylin (page 1130) (prepared without acetic acid and 
diluted with an equal amount of distilled water) for 6 minutes. Rinse for 15 seconds 
in distilled water. 

3. Place in 0.5 per cent aqueous solution of hydrochloric acid for 10 seconds. Wash 
in tap water for 6 minutes. 

4. Place in distilled water, 50, 70, 80 and 95 per cent alcohol, each for 10 seconds. 
. Stain in OG-6 (Ortho Pharmaceutical Corp.) for 114 minutes. 

. Place in 2 changes of 95 per cent alcohol, each for 10 seconds. 
Stain in EA-50 (Ortho Pharmaceutical Corp.) for 1% minutes. 
Rinse in 3 changes of 95 per cent alcohol. 

9. Place in a solution made up equal parts of absolute alcohol and xylol, and then 
xylol. Each solution for 3 minutes. Mount in balsam. 

Methods for the Preparation of Eyes. Although the celloidin technic (page 1128) 
gives best results, eyes may be processed with paraffin. The eye, after it is received in 
the laboratory, is placed in 10 per cent formalin and partially fixed for 12 hours. A 
small opening is then carefully cut into the interior of the eye so that the fixative and 
other solutions can penetrate the tissue completely. The eye is replaced in 10 per cent 
formalin for an additional 24 hours. Dehydration and infiltration with paraffin are next 
carried out, using the slow method (page 1123). After infiltration, the eye is removed 
from the warm paraffin and allowed to harden. The eyeball now should be carefully 
cut in half, the plane of incision being through the cornea, lens and optic nerve. The 
tissue should next be embedded with the cut surface down. It is important that the 
interior or hollow of the eye be filled with paraffin during the embedding process. The 
eye may now be cut and stained in the usual manner (pages 1124 and 1128). 

Methods for the Examination of Bone and Calcified Tissues. Before tissue con- 
taining precipitated calcium salts may be sectioned, the salts must be removed. Small 
pieces of bone are cut into slices 2 to 3 mm. in thickness with a thin, fine, hack saw 
blade while larger bones are preferably cut into 3 mm. slices using a band saw. Soft 
tissue containing bone may be frozen and cut with a band saw. After preparing the thin 
slices in this manner they are fixed in 10 per cent formalin for 12 to 24 hours, and then 
placed in a 5 per cent aqueous solution of nitric acid for decalcification. The container 
should be shaken frequently to remove any gas bubbles which may have formed around 
the specimen. Relatively large volumes of the nitric acid solution should be used and 
the solution changed frequently. Decalcification should be continued until the specimen 
is soft. This may be determined by inserting a fine needle into the specimen. The de- 
calcifying process may take from 1 hour to several weeks, depending upon the size of 
the specimen and other factors. 

After decalcification is complete, the tissue should be washed thoroughly in running 
water for at least 12 to 24 hours. It is next placed in 70 per cent alcohol, 95 per cent 
alcohol and absolute alcohol, each solution for 2 to 12 hours. The specimen is now 
placed in cedar oil for 2 to 12 hours or until it becomes translucent and sinks to the 
bottom of the container. Paraffin infiltration, embedding, cutting and staining with 
hematoxylin and eosin are carried out in the usual manner (pages 1120 and 1128). 


CORSON Or 
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Methods for the Examination of Bone Marrow. Bone marrow aspiration with 
examination of marrow films and histologic sections of solid particles of marrow will 
suffice for diagnostic purposes in the majority of instances. Approximately 0.2 ml. of 
marrow is aspirated through a Turkel or similar needle into a clean, dry, 5 ml. syringe. 
Larger amounts will prove unsatisfactory because of dilution with peripheral blood. 
Before coagulation takes place the inner needle is removed and the material quickly 
placed on new, clean glass slides. A drop of marrow is centered on a slide with a margin 
allowed in order to secure the best distribution of cells. The drop is then smeared, using 
the same technic as for blood films, leaving a thick end and a fringed end. Slides are 
waved in the air to facilitate drying and to prevent shrinkage and crenation of the cells. 
Both thick and thin films are made to allow for variation in cellularity of the marrow. 
After drying, the slides may be stained with Wright’s stain, using the same technic as 
for blood smears. The staining time varies proportionately with the cellularity of the 
smears. 

Some workers prefer a coverglass method for making marrow films. The aspirated 
marrow is gently expelled on to a clean coverglass. Most of the blood is aspirated back 
into the syringe, leaving only a minimum amount of marrow on the coverglass. The 
films are then prepared in the same manner as blood films (page 72). Wright’s stain 
is employed for staining, but because of the thickness of the films, it should be diluted 
with an equal amount of distilled water. 

For the preparation of sections of marrow, the inner needle should be reinserted, 
the guide needle placed at a slightly different angle, and approximately 0.2 ml. of mar- 
row aspirated into a second dry 5 ml. syringe. After removal of the needle, the aspirated 
material is gently expelled into a paraffin-coated petri dish or hollowed-out paraffin 
block. Some workers prefer to add a drop of liquid heparin to the receptacle in order 
to prevent clotting. Small particles of marrow can now be removed with a pointed glass 
rod or paraffin coated applicator stick and placed directly into a bottle containing 
Zenker’s solution. These solid particles of marrow can then be fixed, dehydrated and 
infiltrated with paraffin in the usual manner (page 1123). After embedding and section- 
ing, the paraffin and mercuric salts should be removed and the tissues stained with both 
hematoxylin and eosin, and Giemsa stains (pages 1130 and 1140). 

Radioautography. A simple and practical method for making radioautographs 
employs dental x-ray films. Sections of tissues which have been made radioactive (such 
as thyroid) are processed in the usual manner, a few extra sections being attached to 
glass slides. After drying, the extra sections are labeled with ink dots and radioactivity 
counts made of each section with a Geiger counter. Next, in total darkness, a dental 
film is placed in close contact with each section. The film may be identified by placing 
ink dots along one edge. The films, held firmly to the slides by means of clamps 
(wooden spring clothespins are convenient and available), are placed in a light-tight 
cassette or box in order to expose the emulsions. Proper exposure time is determined 
empirically, and one section may be removed from the slide and developed after a 
24-hour exposure, one after 3 days, another after a week, and so on. Comparison of the 
amount of the exposure of each film with the initial counts made will give some indica- 
tion of the approximate exposure times for succeeding radioautographs, in order to 
procure the desired amount of blackening of the films. The films are developed and 
fixed according to the manufacturer’s instructions; and the slides stained with hema- 
toxylin and eosin (page 1130). 
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METHODS FOR THE PRESERVATION OF GROSS 
TISSUE SPECIMENS 


Witiiam N. CAMPBELL 


Principles. Permanent preservation of a gross specimen usually requires fixation 
and mounting in a suitable jar. However, low temperatures can be utilized for keeping 
gross specimens in a Satisfactory condition for varying periods of time. This latter 
method has the advantage of preserving color and consistency, and permitting han- 
dling of the specimen. Its main disadvantage is that specimens deteriorate rapidly after 
they are removed from the low temperature and allowed to warm to room temperature. 
Hence, a specimen may be satisfactorily preserved but demonstrated only once. Fixa- 
tion of the tissue and mounting in a jar preserves line, configuration and size; these 
preparations are permanent. However, color is usually sacrificed to a greater or lesser 
extent and the specimen cannot be handled. A color transparency of the fresh specimen 
taken before fixation and mounting will do much to enhance the value of the same 
specimen after it has been fixed and mounted. Some workers have permanently em- 
bedded specimens in plastic material. The advantages do not seem remarkable. 


PRESERVATION AT LOW TEMPERATURES 


Refrigerator. Gross material may be kept in good condition in an ordinary refriger- 
ator for a week. The specimen should be moistened with water or saline solution, 
wrapped in heavy wax paper and labeled before placing in the refrigerator. 

Deepfreeze. If available, a Deepfreeze unit, similar to the types used in preserving 
frozen foods, may be utilized for the preservation of gross specimens for a year or 
longer. The specimen should be moistened with water or saline solution and well 
wrapped in heavy wax paper or, preferably, in aluminum foil. Adequate labeling is 
essential. It is quick-frozen and then kept frozen at a low temperature. When needed 
for demonstration the specimen may be thawed by leaving it at room temperature. 
Once thawed and demonstrated the specimen will rapidly deteriorate and it is seldom 
that such a specimen can be refrozen for use at a later date. 


PERMANENT PRESERVATION OF GROSS SPECIMENS 


The Kaiserling method is the most popular one. However, it is apt to produce 
marked fading of color. The Klotz method seems to give better preservation of color 
but the specimen may receive inadequate fixation. In our experience, a combination of 
the two methods has given best results. Regardless of the method used, the specimen 
should be sectioned and arranged in the position in which it is to be mounted, and 


fixed as soon as possible. Large organs, such as the liver and brain, do not fix well 
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unless sectioned. Bone and soft tissues may be frozen and sectioned with a band saw. 
Large volumes of solutions should be used in all methods. 
Kaiserling Method. Prepare the following solutions: 


KAISERLING NO. 1 (FIXING SOLUTION) 


Potassium acetateter: athe ae he ee et 170.0 gm. 
Potassiuminitratie: 223 desde cee ees eae ete ree 90.0 gm. 
Hoxrmaline(Geitralll) Meee anne ee nee ee te 1,600.0 ml. 
Distilledewater yee eee eer oe eee ae ene are 8,000.0 ml. 
Carbolicgactds ei omn ie whe eer a ee eee 20.0 ml. 


KAISERLING NO. 2 (COLOR RESTORATIVE ) 
Alcohol, 95 per cent 


KAISERLING NO. 3 (MOUNTING SOLUTION) 


Rotassiuim Sa cetates fav ctv eer ee ee 1,000.0 gm. 
Gly Cerin Cabs epee ts. Sa ate: tee emer <p a a 2,000.0 ml. 
Distilled water weir ee eee eee. ee eee 10,000.0. ml. 


PROCEDURE. 1. Fix specimen for 1 to 5 days in Kaiserling No. 1. 

2. Wash in running water for 24 hours. 

3. Place in Kaiserling No. 2 until original color returns (1 to 5 hours). 
4. Wash in running water for 24 hours. 

5. Mount in Kaiserling No. 3, using a suitable jar. 

Klotz Method. Prepare the following solutions: 


KLOTZ SOLUTION NO. 1 


SOcIUMMsultatem terrae ei Weiter ya Mee werahe errr: eee 385.0 gm. 
Sodrum@bicarhbonateg: 9 eee eee eee eee ae 351.0 gm. 
Sodiumchloridetses- a5 pee Cea ee omer 317.0 gm. 
Potassiumenitra tenes. eae ee ee iy een eee 657.0 gm. 
Potassnumiysulitate es es ewer eee eee ee 45.0 gm. 
Chioral@inydratemapc, sec naet cee metre eet ce 1,750.0 gm. 
IE ormalin theses ce elie ope ee eo hg or en eee 1,750.0 ml. 
Distilled: watebs) sachs A sls. cee eee cme te ee ee 35,000.0 ml. 


Sodiumzsullate Sgn. -)eatea cess eee eee eee 193.0 gm. 
LOC HMDReaOMEVANONMES » ooo cacnogeeecus cc umayoo et 175.0 gm. 
Sodium Chl Onder yet wees oe a eee 159.0 gm. 
Potassiumenitrates 2 a:-aees ete nerere sae eae, ee oes 328.0 gm. 
Potassitimiesulfatexs cena ike wae tecc a ero ee ee 23.0 gm. 
Chloralehy drate ees ne aren ear ne eee 350.0 gm. 
Formalin 0 at Sores Ae as eee 175.0 ml. 
Distilled water’: 3 esc eee eee eee 35,000.0 ml. 


PROCEDURE. 1. Fix specimen for 1 to 5 days in Klotz solution No. 1. 

2. Wash in running water for 24 hours. 

3. Place in Klotz solution No. 2 for several days or weeks or until solution remains 
clear. 

4. Mount in Klotz solution No. 2, using a suitable jar. 
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Combination of Kaiserling-Klotz Methods. Prepare the following solutions: 


SOLUTION NO. 1 


POUCH Chloridemgn wu. 80h eet ee 140.0 gm. 
Sodium bicarbonate .......... BPG ied Piter nee 80.0 gm. 
@hioraleyvdiateuere eat. oo ea ade in ee 625.0 gm. 
OLIN GUT cComech creme ie Ro lg tN ag Nl ee tag 50.0 ml. 
Distillediwaterve. a... Sere be FM wo. 20,000.0 ml. 
SOLUTION NO. 2 
Otassilim a Getave ween. oe. a. a ee eee 600.0 gm. 
HOtassltUMente La Lema tsk cl oor e o-5, eeen ann ene ae 300.0 gm. 
Ona are re eeee tree co) ae ee ee ee 2,000.0 ml. 
Distilledwwater gwar een eee tas 2a See ee 18,000.0 ml. 
SOLUTION NO. 3 
Potasstummpacetaten nen uci... ee ee ee 2,000.0 gm. 
Glycerine mes he eee ret, os Oa, chee a 4,000.0 ml. 
Distilled swateron monte ee sto. c ocean ee een ae eee 16,000.0 ml. 
Ethymolvcrystals cya. est oc. seats dee eae eee 5.0 gm. 


PRocEDURE. 1. Place specimen in solution 
No. 1 for 2 to 4 hours. 

2. Without washing, place specimen in solu- 
tion No. 2 for 2 hours to 2 days, or until fixation 
is complete. 

3. Wash for 12 to 24 hours in running water. 

4. Mount specimen in solution No. 3, using 
a suitable jar. 


CONTAINERS AND MOUNTING METHODS 


Either glass or plastic containers of suitable 
size may be employed. Plastic containers of plexi- 
glass have been used satisfactorily in the Depart- 
ment of Pathology of Temple University Hospi- 
tal for more than 2 years. They are made by 
George Remley, Croydon, Pa. They are lighter, 
easier to handle and present less chance of break- 
age than glass jars. Any scratches may be buffed, 
or rubbed out with an acetone dampened cloth. 

The Curtis modification of Kramer’s viscoloid 
mounting technic can be used to support all but Eid aod Piscyie eee see thane 
flat specimens. A piece of black (usually) vis- usual position aflvisecloid suppers 
coloid, 0.028 inch in thickness, is cut with shears 
or a paper cutter so that it snugly fits the container (Fig. 400). Properly located holes 
are punched in the viscoloid with a hot wire and the specimen firmly secured with 
linen or silk thread that is passed through these holes. For flat specimens Kramer’s 
technic is preferable, two pieces of thicker viscoloid being utilized (Fig. 401, A and B). 

After the specimen is placed in the container it should be covered with the pre- 
serving fluid and allowed to stand for several days. Air bubbles which collect on the 
sides of the container or upon the specimen may be dislodged with a probe. The top 
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is then sealed on with asphalt cement if 
the container is glass, or with a plastic 
cement if a plastic jar has been used. All 
surfaces of the container should be painted 
black except the viewing surface (Figs. 
402 and 403), and the specimen ade- 
quately labeled. 


_. 


Lili 


Fig. 401. Methcd of mounting flat specimen. 


A, front view. B, top view. 


Fig. 403. Mounted specimens. 


Centigrade degrees . 
Centimeters 


APPENDIX 


CONVERSION FACTORS 


X 1.8 and + 32 


= Fahrenheit degrees 


X 0.3937 = inches 
Cubic centimeters . xX 0.061 = cubic inches 
Cubic centimeters . X 0.0338 = ounces, fluid 
Cubic feet X 0.0283 = cubic meters 
Cubic inches X 16.39 = cubic centimeters 
Cubic meters X 35.29 = cubic feet 
Drams, fluid x 3°70 = cubic centimeters 
Drams, weight . x 60 = grains 
Drams, weight . BC pestoil| = grams 


Fahrenheit degrees . 


Gallons x SAS = liters 

Grains X 0.0648 = grams 

Grams X 15.432 = grains 

Grams xX 0.035 = ounces, Avoir. 
Inches 204, = centimeters 

Inches X 25.4 = millimeters 
Kilograms SC ST = ounces, Avoir. 
Kilograms SK OG = pounds 

Kilograms per sq. cm. . x 14.2 = pounds per sq. in. 
Liters X 61.02 = cubic inches 
Liters xX 0.264 = gallons 

Liters x 1,06 = quarts 

Meters xX 3.28 = teet 

Microns . x 0.001 = millimeters 
Milligrams x 0.001 = micrograms 
Millimeters xX 0.03937 = inches 

Millimeters . x 1000 . = microns 
Millimeters of mercury xX 0.0014 = kilograms per sq. cm. 
Millimeters of mercury « 0.19 = pounds per sq. in. 
Millimicrons S< ile = Angstrém units 
Millimicrons xX 0.001 = microns 

Ounces, Avoir. . * 437.5 = grains 

Ounces, Avoir. . X 28.35 = grams 

Ounces, fluid SLO Si = cubic centimeters 
Pints * 473.2 = cubic centimeters 
Pounds, Avoir. . * 453.6 = grams 

Pounds per sq. in. x 0.07 = kilograms per sq. cm. 
Quarts x 0.95 = liters 

Square centimeters . a0 o5 = square inches 
Square feet . X* 0.0929 = square meters 
Square inches x 6.45 = square centimeters 
Square meters X 10.764 = square feet 


— 32 and X by 0.555 


= Centigrade degrees 


METRIC WEIGHTS AND MEASURES WITH EQUIVALENTS 


Centimeter = 0.3937 inches or 0.0328 feet 

Cubic Centimeter = 0.0610 cubic inches 

Cubic Meter = 35.32 cubic feet 

Cubic Millimeter = 0.00006 cubic inches 

Gram = 15.43 grains or 0.035 ounces, Avoir. 

Kilogram = 35.27 ounces or 2.2 pounds, Avoir. 

Liter = 1.056 quarts or 61.02 cubic inches 

Meter = 39.37 inches or 3.28 feet 

Millimeter = 0.03937 inches 

Square Meter = 1550 square Inches or 10.76 square feet 
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FOUR-PLACE LOGARITHMS 


n|0 1 2 3 4 5 6 ef 3} iY Prop. Parts 


10 | GO00} 0043} 0086) 0128] 0170) 0212) 0253] 0294) 0334) 0374 


11 | 0414] 0453) 0492) 0531] 0569] 0607| 0645] 0682) 0719) 0755 
12 | 0792} 9828] 0864) 0899} 0934, 0969) 1004] 1038) 1072) 1106 
13 | 1139} 1173) 1206] 1239] 1271] 1303) 13835] 1367) 1399) 1480 
14 | 1461} 1492] 1523) 1553] 1584| 1614) 1644] 1673) 1703) 1732 


15 | 1761} 1790] 1818) 1847] 1875 1903 1931} 1959} 1987) 2014 


16 | 2041] 2068} 2095) 2122] 2148] 2175) 2201) 2227| 2253) 2279 
7 | 2304! 2330) 2355| 2380] 2405) 2430) 2455] 2480} 2504) 2529 
18 | 2553] 2577| 2601) 2625) 2648) 2672) 2695] 2718] 2742) 2765 
19 | 2788] 2810] 2833} 2856] 2878) 2900) 2923] 2945) 2967| 2989 
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20 | 3010} 3032) 3054) 3075) 3096} 3118) 3139] 3160) 3181) 3201 


21 | 3222) 3243) 3263) 3284] 3304) 3324) 3345] 3365} 3385) 3404 
22 | 34241 3444) 3464) 3483] 3502) 3522) 3541] 3560} 3579) 3598 
23 | 3617] 3636] 3655) 3674] 3692) 3711| 3729] 3747| 3766) 3784 
24 | 3802] 3820) 3838) 3856] 3874) 3892) 3909] 3927) 3945) 3962 


25 | 3979] 3997| 4014| 4031] 4048) 4065} 4082] 4099] 4116) 4133 


26 | 4150] 4166) 4183) 4200] 4216] 4232) 4249] 4265) 4281) 4298 
27 | 4314] 4330) 43846) 4362) 4378) 4393) 4409] 4425) 4440) 4456 
28 | 4472) 4487) 4502 4518) 4533) 4548) 4564] 4579) 4594) 4609 
29 | 4624] 4639) 4654) 4669) 4683) 4698) 4713] 4728) 4742) 4757 
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30 | 4771| 4786 4800 4814 4829] 4843) 4857] 4871] 4886] 4900 


31 | 4914} 4928) 4942 4955} 4969) 4983) 4997] 5011] 5024} 5038 
32 15051) 5065) 5079, 5092} 5105) 5119) 5132} 5145) 5159) 5172 
33 | 5185] 5198) 5211) 5224] 5237) 5250) 5263) 5276) 5289] 5302 
34 | 5315) 5328) 5340) 5353] 5366) 5378) 5391] 5403} 5416) 5428 


35 | 5441] 5453) 5465) 5478] 5490) 5502) 5514] 5527| 5539) 5551 


36 | 5563) 5575) 5587) 5599) 5611) 5623) 5635] 5647| 5658} 5670 
37 | 5682] 5694) 5705) 5717) 5729) 5740) 5752) 5763) 5775) 5786 
38 § 5798] 5809) 5821) 5832] 5843) 5855) 5866] 5877) 5888) 5899 
39 1 5911) 5922) 5933) 5944] 5955) 5966) 5977] 5988) 5999] 6010 
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40 | 6021| 6031) 6042) 6053] 6064, 6075) 6085] 6096) 6107] 6117 


1 | 6128} 6138) 6149) 6160] 6170) 7180) 6191] 6201) 6212) 6222 
42 | 6232] 6243) 6253) 6263} 6274) 6284) 6294] 6304) 6314) 6325 
43 | 6335) 6345) 6355) 6365] 6375) 6385) 6395] 6405) 6415) 6425 
44 | 6435] 6444| 6454| 6464] 6474) 6484) 6493] 6503) 6513) 6522 


45 | 6532] 6542) 6551| 6561] 6571] 6580} 6590] 6599) 6609) 6618 


46 | 6628) 6637| 6646, 6656] 6665) 6675] 6684] 6693] 6702] 6712 
47 | 6721) 6730] 6739) 6749] 6758) 6767| 6776] 6785) 6794| 6803 
48 | 6812] 6821| 6830) 6839] 6848) 6857) 6866] 6875] 6884| 6893 
49 | 6902} 6911| 6920) 6928} 6937 6946] 6955] 6964| 6972) 6981 


50 | 6990} 6998] 7007| 7016} 7024| 7033] 7042] 7050) 7059) 7067 


51 | 7076] 7084) 7093 7101} 7110] 7118) 7126] 7135] 7143) 7152 
52 | 7160] 7168) 7177, 7185] 7193] 7202| 7210] 7218) 7226| 7235 
53 | 7243] 7251 7259 7267| 7275| 7284] 7292| 7300| 7308) 7316 
54 | 7324) 7332 7340 7348) 7356) 7364| 7372] 7380| 7388| 7396 
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FOUR-PLACE LOGARITHMS 
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7709 
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7945 
8014 
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8280 
8344 
8407 


8470 


7882 
7952 
8021 
8089 


8156 


8222 
8287 
8351 
8414 


8476 


7896 
7966 
8035 
8102 


8169 


8235 
8299 
8363 
8426 


8488 


8531 
8591 
8651 
8710 


8768 


8825) 
8882 
8938 
8993 


8537 
8597 
8657 
8716 


8774 


8831 
8887 
$943 
8998 


8549 
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8727 
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8899 
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9009 
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9063 


9085 
9138 
OTM 
9243 


9294 


9345 
9395 
9445 
9494 


9101 
9154 
9206 
9258 


9309 


9360 
9410 
9460) 
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9106 
9159 
9212 
9263 


9315 


9365 
9415 
9465 
9513 
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9274 
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9375 
9425 
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9638 
9685 
9731 
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9912 
9956 
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9557 


9605 
9652) 
9699) 
9745 


9791 


9836 
9881 
9926 
9969 


3 


9562 


9571 


9609 
9657 
9703 
9750 


9795 


9841 
9886 
9930 
9974 


4 


9619 
9666 
9713 
9759 


9805 


9850 
9894 
9939 
9983 
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APPENDIX 


MILLIEQUIVALENTS AND MILLIMOLS 


Many biochemists prefer to express quantitative results in terms of milliequivalents 
per liter, rather than in milligrams per 100 ml. A milliequivalent is one-thousandth of a 
gram-equivalent weight (c.f., page 942). Milliequivalents per liter are calculated by 
dividing the milligrams per liter by the equivalent weight of the element. The equivalent 


weight of an element is its atomic or formula weight divided by its valence. 


A millimol is one-thousandth part of a gram-molecular weight (cf., page 942). 
Millimols per liter are calculated by dividing the milligrams per liter by the atomic 
weight of the element. 

For example, the normal ranges of certain constituents of human blood are as 


follows: 


Calcium ; 
Chloride (NaCl) 
Magnesium 
Potassium 

Sodium 


Mg. per 


100 ml. of 


serum 


9-11 


580-630 


2-3 


16-22 
325-340 


Milli- 
equivalents 
per liter of 

serum 


4.5-5.5 
99-108 
1.6-2.5 
41-56 . 
137-147 - 


INTERNATIONAL ATOMIC WEIGHTS 1947 


At. At. At. At. At. 
Sym. Wt. No.| Sym. Wt. No.| Sym. Wt 
A 39.944 18 | He 4.003 2 Rb 85.48 
Ag 107.880 47 | Hf 178.6 V2 eRe 186.31 
Al 26.97 13 | Hg 200.61 80 | Rh 102.91 
As 74.91 33:1; Ho 164.94 67 | Rn 222 
Au 197.2 Postel 126.92 53 | Ru 101.7 
B 10.82 5 tin 114.76 49 |S 32.066 
Ba 137.36 56 | Ir 193.1 Ch Ne ss)o) 121.76 
Be 9.02 4|\|K 39.096 19 | Sc 45.10 
Bi 209.00 83 \-Kr 83.7 36 | Se 78.96 
Br 79.916 oul ba 138.92 EY lish! 28.06 
G 12.010 6 oIey 6.940 3 | Sm 150.43 
Ca 40.08 20°) by 174.99 71 | Sn 118.70 
Cb 92.91 41 | Mg 24.32 A Metre 87.63 
Cd 112.41 48 | Mn 54.93 eye Weal Wet 180.88 
Ce 140.13 58 | Mo 95.95 42 | Tb 159.2 
Cl 35.457 TION 14.008 7 \eke 127.61 
Co 58.94 27 | Na 22.997 Fe Th 232.12 
CG 52.01 24 | Nd 144.27 60 | Ti 47.90 
Cs 132.91 55 | Ne 20.183 LOM) TL 204.39 
Cu 63.54 29 | Ni 58.69 28 | Tm 169.4 
Dy 162.46 66 | O 16.0000 8|U 238.07 
Er 167.2 68 | Os 190.2 7Oa\ Ni; 50.95 
Eu 1572.0 63.2 30,98 NES IPAs 183.92 
F 19.00 9 | Pa 25M 91 | Xe 131.3 
Fe 55.85 26 | Pb 207.21 SZ We 88.92 
Ga 69.72 Sie ieed 106.7 46 | Yb 173.04 
Gd 156.9 64 | Pr 140.92 59 | Zn 65.38 
Ge 72.60 $2 Pt 195.23 1h \\ VAs 91.22 
H 1.0080 ERA 226.05 88 


Millimols 
per liter 
of serum 


2.25-2.75 


99-108 
0.8-1.25 
4.1-5.6 

137-147 
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Abertation, chromatic, 1 
spherical, 2 
Abscesses, bacteriologic examination of, 331 
in guinea pigs, 16 
Acanthocheilonema perstans, 714, 715 
Accidents, prevention of, 35 
treatment of, 36 
ACD anticoagulant solutions, 742 
Aceto-acetic acid, in urine, tests for, 159 
Acetone, in urine, tests for, 158 
Achorion schoenleinii, 612, 621 
Achromatic objectives, 1 
Acid, amino, in blood, determination of, 980 
ammonium biurate crystals, in urine, 182 
boric, detection of, in milk, 1062 
in tissues, etc, 1101 
deficit, in stomach, 220 
hydrochloric, 943, 950. See Hydrochloric acid 
organic, in stomach, 215 
sulfuric, 948. See Sulfuric acid 
uric, in blood, determination of, 984 
crystals, in urine, 146 
Acid-fast bacilli. See Tubercle bacilli 
saprophytic, 521 
Acid-soluble phosphorus in blood, 1010 
Acidity, of gastric contents, 215, 216, 217 
of urine, 134 
Actinomyces, asteroides. See Nocardia asteroides 
bovis, identification of, 634 
sulfur granules of, 635 
classification of, 633 
saprophytic, 633 
Actinomycosis, diagnosis of, 620, 633 
Addis sediment count of urine, 184 
Addis-Shevsky concentration test, 194 
Aerobacter aerogenes, 444, 512, 524 
Aerosporin, 566 
African trypanosomiasis, 719 
Agar, 361 
window plates, 618 
Agglutination tests, for bacillary dysentery, 765 
for blood grouping, 775 
for brucellosis, 766 
for glanders, 770 
for leptospiral jaundice, 762, 769 
for paratyphoid fever, 761, 764 
for pertussis, 769 
for plague, 769 
for primary atypical pneumonia, 765 
for Q fever, 768 
for rickettsialpox, 768 
for Rocky Mountain spotted fever, 767 
for salmonella infections, 764 
for tularemia, 767 
for typhoid fever, 761, 763 
carriers, 763 
for typhus fever, 767 
macroscopic tube method, 756 


Agglutination tests (cont.) 


rapid slide method, 758 
Huddleson, 758 
Weil-Felix, 767 
Agglutination-lysis test, 762 


Agglutinogens, A and B, 741 


subgroups of, 772 
M and N, 787 
Rh, 772 
Agglutinoid reactions, 752 
Agren-Lagerlof test for trypsin, 232 
Albumin, in blood, determination of, 1031 
normal range of, 963 
in sputum, test for, 207 
in urine, 138 
qualitative tests for, 138 
quantitative tests for, 142 
Albumin-globulin ratio in blood, normal range 
of, 963 
Alcaligenes, colonies on blood agar, 444 
identification of, 532 
Alcohol, 70%, 433 
ethyl, detection of, 1104, 1105 
methyl, detection of, 1103 
Aldehyde test, Napier’s, 726 
Aleukemic leukemia, 96 
Alkalimetric determination of sodium in blood, 
1016 
Alkaline tide of urine, 134 
Allergens, preparation of, 913 
Allergic tests, technic of, 902 
conjunctival, 906 
contact, 907 
cutaneous, 902 
indirect, 908 
intracutaneous, 904 
nasal, 907 
passive transfer, 908 
patch, 907 
Allergy, tests for, in brucellosis, 916 
in chancroid, 916 
in coccidioidomycosis, 918 
in dermatophytids, 918 
in dermatophytoses, 918 
in drugs, 921 
diodrast, 921 
penicillin, 921 
streptomycin, 921 
sulfonamide compounds, 921 
in echinococcosis, 918 
in filariasis, 920 
in histoplasmosis, 918 
in leishmaniasis, 920 
in lymphogranuloma venereum, 919 
in mumps, 919 
in relation to vaccine therapy, 918 
in schistosomiasis, 920 
in serum allergy, 914 
in tuberculosis, 914 
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Allergy, tests for (cont.) 
in tularemia, 916 
in trichinosis, 920 
Alvarez-Wright test for occult blood, 265 
Alving-Miller inulin clearance test, 192 
Amebae, complement fixation test for, 848 
cysts of, 669, 672 
examination of feces for, 666 
concentration methods, 674 
cultural methods, 678 
fluid stools, 666 
formed stools, 669 
staining methods, 675 
species identification of, 670, 671 
trophozoites of, 667 
American trypanosomiasis, 719 
Amigen broth, 660 
Amino acid, in blood, determination of, 980 
in spinal fluid, 300 
in urine, 146 
Amino acid nitrogen of blood, normal range of, 
963 
Ammonia nitrogen in urine, 147 
Ammonio-magnesium phosphate in urine, 182 
Ammonium thiocyanate solution, standard, 957 
stock, 956 
Amorphous phosphates in urine, 182 
Amorphous urates, 179 
Amount, of cerebrospinal fluid, 294 
of gastric residuum, 217 
of feces, 258 
of saliva, 198 
of sputum, 202 
of urine, 132 
Amylase, in blood, method for, 1046 
normal range of, 963 
in duodenal contents, 233 
in feces, 269 
in saliva, 200 
in urine, 170 
Amyloidosis, Congo red test for, 197 
Anaerobes. See Bacteria, anaerobic 
Analytical balance, accessories for, 941 
method for using, 937 
sensitivity of, 939 
weighing with, 940 
weights for, 938 
zero point of, 938 
Anamnestic reaction, 751 
Ancylostoma duodenale, identification of, 698 
Andrade’s indicator, 364 
Anemia, 98 
Aniline, detection of, 1103 
Aniline blue stain for connective tissue, 1133 
Animals, banding of, 14 
bleeding of, 29 
blood cells in, normal ranges of, 17 
clinical observation of, 15 
description of, 14 
feeding of, 14 
identification of, 14 
inoculation of, 19 
postmortem examination of, 33 
tagging of, 14 
Anthrax bacillus, collection of material for, 331 
colonies of, on blood agar, 442 
identification of, 497 
precipitin test for, 900 
Antibiotics, assays of, 565 
properties of, 566 
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Antibiotics (cont.) 
sources of, 566 
spectra of, 566 
susceptibility tests to, 556 
Antibodies, blocking, 784 
Anticoagulants, blood, 961 
Antifibrinolysin test, 439 
Antigens, for agglutination tests, 752 
alcoholic, 754, 755 
collodion particle, 755 
formalized, 753, 754 
heat-killed, 753 
living, 752 
phenolized, 753 
titration of, 755 
for complement fixation tests, 839 
Boerner-Lukens, 803 
Eagle, 807 
Kolmer, 814 
cardiolipin, 815 
leptospiral, 839 
metazoal, 848 
of blood stains, 850 
protozoal, 848 
rickettsial, 839 
viral, 839 
for flocculation tests, Boerner-Jones-Lukens, 
856 
Eagle, 859 
Hinton, 863 
cardiolipin, 864 
Kahn, 869 
cardiolipin, 870 
Kline, cardiolipin, 882 
Mazzini, 886 
cardiolipin, 887 
Rein-Bossak, cardiolipin, 891 
VDRL, cardiolipin, 893 
Antihyaluronidase test, 446 
Antimony, detection of, 1083 
Antiseptics, 608. See also Disinfectants 
Antisheep hemolysin, preparation of, 799 
Antistreptolysin test, 443 
Anuria, 132 
Apochromatic objectives, 2 
Apparatus, for blood examinations, 39 
Marsh, for arsenic, 1086 
Van Slyke volumetric, for blood gas, 932, 933 
Van Slyke-Neill manometric, 934 
Aptyalism, 198 
Argasidae, 731, 733 
Arnold steamer, 371 
Arsenic, detection of, 1083 
Gutzeit method, 1093 
Marsh method, 1086 
Reinsch method, 1083 
Arsine generator, 1094 
Arthrospore, 614, 641 
Asbestos bodies in sputum, 205 
Ascaris lumbricoides, 696 
Aschheim-Zondek test, for choriocarcinoma, 324 
for hydatidiform mole, 324 
for pregnancy, 316 
for teratoma of testes, 325 
Ascoli test for anthrax, 498 
Ascorbic acid, in blood, test for, 1078 
in urine, test for, 1079 
Ascospore, 614 
Ash content, in cow’s milk, 1057 
in foods, 1064 


Ash content (cont.) 
in human milk, 1063 
Aspergillosis, 620, 644 
Aspergillus, fumigatus, 620, 621, 644 
niger, 644 
spore heads of, 615 
Athlete’s foot. See Tinea pedis 
Atypical pneumonia, 647 
Aureomycin, assay of, 576 
susceptibility of bacteria to, 562 
Autoclave, sterilization by, 370 
Ayala quotient, cerebrospinal fluid, 295 
Azoospermia, 285 


Babcock, milk test bottle, 1058, 1063 
method for fat, in cow’s milk, 1057 
in human milk, 1063 
Bacilli, gram-negative, on blood agar, 444 
intestinal, 524 
gram-positive, on blood agar, 442 
identification of, 497 
Bacillus, anthracis, 497 
mesentericus, 499 
mycoides, 499 
subtilis, 442, 499 
Bacitracin, assay of, 578 
susceptibility of bacteria to, 564 
Bacteria, action in blood agar, 438 
aerobic, 407 
cultivation of, 407 
spore formers, isolation of, 411 
anaerobic, 412 
blood culture for, 478 
cultivation of, 412 
alkaline pyrogallate method, 413 
Brewer plate method, 413 
jar methods, Novy, 414 
MclIntosh-Fields, 414 
Weiss-Spaulding, 415 
Spaulding, 415 
sealed broth tube method, 413 
shake tube method, 412 
thioglycollate method, 413 
biologic properties of, 433 
biochemical tests, use of, 435 
cultivation of, 407, 412 
examination of, 418 
in bile, 471 
in blood, 476 
in boils, 449 
in bronchial secretions, 466 
in cerebrospinal fluid, 468 
in ears, 464 
in eyes, 459 
in feces, 473 
in fistula, 456 
in gangrene, 451 
in gastric lavage, 480 
in gingivae, 463 
in granulomatous lesions, 458 
in lymph nodes, 455 
in mastoids, 464 
in mouth, 463 
in nasopharynx, 462 
in necropsy material, 480 
in nose, 460 
in peritoneal exudates, 469 
in pleural exudates, 470 
in prostatic secretions, 476 
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Bacteria (cont.) 
in sinuses, 460 
in sputum, 466 
in stomach contents, 228 
in teeth, 463 
in throat, 462 
in tonsils, 462 
in ulcers, 457 
in urine, 179, 474 
in urogenital organs, 476 
in uterus, 476 
in wounds, 450 
isolation of, 407, 412 
nutritional requirements of, 434 
preservation of, by deep freeze, 421 
by incubation, 421 
by mechanical methods, 421 
by refrigeration, 421 
with mineral oil, 421 
spore-forming, isolation of, 411 
subcultures, methods for, 407 
Bacterioides, colonies on blood agar, 445 
identification of, 532 
Bacteriologic examinations, 329 
principles of, 329 
Bacteriophage, culture media for, 660 
filters, use of, 660 
isolation of, 660 
nature of, 659 
testing for, 662 
Bacterium melaninogenicus, 533 
Bail’s orcinol test for pentose in urine, 157 
Balance, analytical, method for using, 937 
Balantidium coli, 681 
Baltimore Biological Laboratory, 360 
Band cells, 84 
Barbiturates in urine, test for, 1106 
Bard-Parker germicide, 349 
Barium sulfate turbidity standards, 583 
Barker method for thiocyanates in blood, 1049 
Basal metabolic rate, determination of, 1053 
Basophilia, 98 
Basophilic stippling of erythrocytes, 98 
Basophils, 78 
Bass-Johns, concentration method, 706 
culture method, 708 
Beazell-Schmidt-Ivy diet test, 275 
Bedbugs, identification of, 740 
Beef tapeworm, 691 
Bence-Jones protein in urine, 144 
qualitative test for, 144 
quantitative test for, 145 
Benedict-Frank test for uric acid in urine, 169 
Benedict test for glucose in urine, qualitative, 
151 
quantitative, 154, 155 
Benzidine test for occult blood, 171, 207, 265 
Benzoic acid, test for, in milk, 1062 
Benzoin colloidal test of spinal fluid, 312 
Beta-carotene in blood, method for, 1066 
Beta-oxybutyric acid in urine, test for, 160 
Bial’s test for pentose in urine, 157 
Bile, acids, in feces, test for, 269 
in urine, 162 
bacteriologic examination of, 247, 470 
chemical examination of, 246 
crystals in, 246 
collection of, 236 
for bacteriologic examination, 338 
in stomach contents, 217 
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Bile (cont.) 
macroscopic examination of, 241 
microscopic examination of, 244 
pigments in urine, tests for, 162 
salts in urine, test for, 164 
solubility test, 438 
viscosity of, 241 
Bilirubin, in blood, Van den Bergh test for, 
1025, 1026 
in feces, test for, 268 
in transudates, 280 
in urine, tests for, 162 
tolerance test, 250 
Biologics, sterility tests of, 608 
Biometric evaluation of spermatozoa, 287 
Biopsy of sternal bone marrow, technic for, 123 
histologic examination of, 1142 
Biotin, in blood, test for, 1073 
in urine, test for, 1073 
Blake bottles, 352 
Blastocystis hominis, 674 
Blastomyces dermatitis, 620, 639 
Blastomycosis, 620, 639 
European, 643 
Blastospore, 614 
Bleeding, of cow, 32 
of dog, 33 
of fowl, 33 
of guinea pig, 31 
of hog, 33 
of horse, 32 
of rabbit, 29 
of sheep, 32 
Bleeding time, Duke method, 112 
Block comparators, 924 
Blood agar, bacteria in, 438 
description of colonies on, 440 
formula for, 377 
Blood, A-G ratio, normal range of, 963 
acid-soluble phosphorus in, test for, 1010 
amino acids in, method for, 980 
amino acid nitrogen in, normal range of, 963 
amylase in, method for, 1046 
normal range of, 963 
aniline in, method for, 1103 
anticoagulants, 961, 962 
ascorbic acid in, methods for, 1078 
bacteriologic examination of, 476 
collection of blood for, 340 
band cells in, 84 
beta-carotene in, method for, 1066 
bilirubin in, determination of, 1025 
biotin in, method for, 1073 
bromide in, tests for, 1111, 1112 
calcium in, method for, 1017 
normal range of, 963 
calcium time of, method for, 115 
capillary, obtaining of, 41 
venous, 43 
carbon dioxide capacity of, method for, 989 
normal range of, 963 
carbon dioxide content of, methods for, 989, 
995 
carbon monoxide in, detection of, 1095 
carotene in, determination of, 1066 
casts of, in urine, 175 
cations of, 1014 
chemical examination of, methods for, 959 


| 


normal values of, 963 


Blood (cont.) 
chlorides, methods for 1003, 1005 
normal range of, 963 
cholesterol, method for, 1028 
normal range of, 963 
cholesterol esters, determination of, 960 
clot retraction time of, determination of, 116 
coagulation time of, method for, 110 
collection of, for chemical examination, 960 
for culture, 340 
for preparation of plasma and serum, 742 
from finger, 41 
from veins, 43 
jugular vein, 47 
color index of, determination of, 64 
copper in, method for, 1022 
normal range of, 1024 
creatinine in, method for, 982 
normal range of, 963 
cultures, anaerobic, 340, 342 
clot, 342 
media for, 377 
routine, 342, 477 
vacutainer method, 343 
disintegrated cells in, 90 
eosinophils, 71, 84 
erythrocytes, 98 
counting of, 54 
ethyl alcohol in, detection of, 1104 
examinations, apparatus for, 39 
fibrinogen in, methods for, 1035, 1036 
normal range of, 963 
globulin in, method for, 1031 
normal range of, 963 
glucose in, methods for, 985, 987 
normal range of, 963 
groups, classifications of, 771 
major, 771 
percentages of, 772 
subgroups, 772, 780, 781 
hemoglobin, methods of estimation, 50 
by iron determination, 1000 
by oxygen capacity, 1000 
Haden-Hausser, 51 
Sahli, 53 
Sanford-Sheard-Osterberg, 52 
icterus index of, method for, 1024 
normal range of, 963 
in cerebrospinal fluid, 297 
in feces, 265 
in stomach contents, 218 
in urine, 171 
inorganic phosphorus in, method for, 1006 
normal range of, 963 
iron in, determination of, 1000, 1021 
normal range of, 963, 1022 
lead in, detection of, 1089, 1090 
leukocytes, 69, 101 
lipase in, method for, 1045 
normal range of, 963 
lipid phosphorus in, method for, 1012 
lymphoblasts, 81 
lymphocytes, 81 
magnesium in, method for, 1020 
normal range of, 1021 
mean corpuscular hemoglobin of, 63 
hemoglobin concentration of, 64 
volume, 62 
megakaryoblasts, 86 
megakaryocytes, 86 
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Blood (cont.) 
metamyelocytes, 84 
metarubricytes, 97 
methemoglobin in, method for, 1098 
monoblasts, 81 
monocytes, 84 
myeloblasts, 84 
myelocytes, 84 
neutrophils, 84, 86, 90 
toxic, 92 
nicotinic acid in, method for, 1074 
nonprotein nitrogen in, method for, 977 
normal range of, 963 
normal values and ranges of, 50 
occult, tests for, in feces, 265 
in sputum, 207 
in stomach contents, 222 
in urine, 171 
oxalated, for hematologic examinations, 47 
tubes, for chemical examinations, 961, 962 
oxygen capacity of, method for, 997 
normal range of, 963 
unsaturation of, normal range of, 963 
pantothenic acid in, method for, 1071 
para-aminobenzoic acid in, method for, 1080 
phosphatase in, determination of, 1042, 1044 
normal range of, 963 
phosphorus in acid-soluble, method for, 1010 
lipid, method for, 1012 
total, method for, 1010 
phosphorus in, inorganic, method for, 1006 
normal range of, 963 
pipets, for cell counting, 39 
plasmoblasts, 86 
potassium in, method for, 1014 
normal range of, 963 
potassium chlorate in, detection of, 1102 
progranulocytes, 84 
prolymphocytes, 81 
promegakaryocytes, 86 
promonocytes, 81 
proplasmocytes, 86 
prorubricytes, 97 
protein in, determination of, 1029, 1030, 1032, 
1033 
specific gravity method for, 1037 
normal range of, 963 
protein-free filtrate, preparation of, 964 
prothrombin in, 112 
time, method for, 115 
pyruvic acid in, method for, 1069 
reticulocytes, 98 
rubriblasts, 97 
rubricytes, 97 
serum albumin in, method for, 1031, 1034 
globulin in, method for, 1031, 1034 
shift to left, 90 
to right, 90 
smears of, on coverglasses, 72 
on slides, 72 
staining of, 75 
sodium in, method for, 1016 
normal range of, 963 
specific gravity of, method for, 1037 
stains, identification of, 1112 
complement fixation test for, 850 
precipitin test for, 897 
sugar in, methods for, 985, 987 
normal range of, 963 
sulfonamide compounds in, methods for, 1050 
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Blood (cont.) 
sulfur in, inorganic, method for, 1012 
normal range of, 963 
thiocyanates in, method for, 1049 
thrombocytes, 86 
tocopherol] in, method for, 1081 
urea clearance of, method for, 975 
urea nitrogen in, determination of, 965, 967, 
969 
normal range of, 963 
uric acid in, determination of, 984 
normal range of, 963 
Van den Bergh test, for bilirubin, 1025, 1026 
vitamins in, methods for, 1066 
volume, determination of, 66 
volume index of, method for, 64 
volume of packed cells, methods for, 59 
Bloor-Pelham-Allen method for blood choles- 
terol, 1028 
Boas meal for gastric analysis, 211 
Boas-Oppler bacillus in stomach contents, 228 
Bodansky method for blood phosphatase, 1044 
Body louse, 734 
Boeck-Drbohlav medium, 678 
Boerner-Lukens complement fixation test, 803 
Boerner-Jones-Lukens flocculation test, 856 
Boils, bacteriologic examination of, 449 
Bone, histologic examination of, 1143 
Bone marrow, examination of, 123 
histologic, 1144 
in disease, 125 
normal, 125 
obtaining of, 123 
Boric acid, in milk, test for, 1062 
in urine, test for, 1101 
Borowskaja’s colloidal gold reagent, 306 
Borrelia, novyi, 544 
recurrentis, 544 
vincenti, 542 
Botulism, 540 
Bouin’s fluid for fixing tissues, 1120 
Bratton-Marshall method for sulfonamide com- 
pounds, 1050 
Brewer anaerobic jar, 417 
petri dish cover, 379, 412, 414 
plate method, 413 
Bromcresol purple, 362, 363 
Bromide in urine, method for, 1110 
Bromine solution, N/10, preparation of, 954 
Bromsulfalein test, 252 
Bromthymol blue, 362, 363 
Bronchial casts in sputum, 204 
secretions, bacteriologic examination of, 465 
collection of, 334 
Brown method for blood uric acid, 984 
Brown microslide method, 619 
Brucella, abortus, 478, 515, 591 
agglutinins in milk, 592 
blood culture for, 478 
colonies on blood agar, 444 
culture media for, 394, 395 
identification of, 515 
melitensis, 515, 591 
species of, 515 
suis, 515, 591 
Brucellosis, agglutination test for, 766 
complement fixation test for, 839 
opsonocytophagic test for, 766 
skin test for, 916 
Brucine, detection of, 1108, 1109 
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Buffer solutions, 366 
glycerol, 390 
phosphate, 364, 366 
phthalate, 366 
Buffered water, 393 
Butyric acid in stomach contents, 215 


Calcified tissues, histologic examination of, 1143 
Calcium, in blood, determination of, 1017 
normal range of, 963 
in exudates, 281 
in transudates, 279 
in urine, 169 
oxalate crystals in urine, 180 
time of blood, method for, 115 
Calculator, Marbel blood cell, 40 
Calculi in urine, analysis of, 185 
Caldwell-Caldwell method for counting ova, 686 
Calliphora vomitoria, 735 
Cammidge reaction, 274 
Campbell-Hanna method for fibrinogen, 1035 
Candida albicans, allergic reactions to, 621 
colonies on blood agar, 629 
identification of, 627, 631 
Candida, krusei, 631 
parakrusei, 631 
tropicalis, 631 
stellatoides, 631 
Candle jar method of cultivation, 418 
Candler, egg, 650 
Capsules, bacterial, staining of, 428, 434 
Carbohydrates, fermentation of, 435 
rapid methods, 436 
Carbon dioxide capacity, of blood plasma, 989 
in blood, method for, 989, 995 
normal range of, 963 
Carbon dioxide incubation of cultures, 417 
candle jar method, 418 
evacuation tank method, 418 
Carbon-laden cells in sputum, 205 
Carbon monoxide in blood, detection of, 1095 
Carbuncles, bacteriologic examination of, 449 
Cardiolipin antigen, for Hinton test, 864 
for Kahn test, 870 
for Kline test, 882 
for Kolmer test, 815 
for Mazzini test, 887 
for Rein-Bossak test, 891 
for VDRL test, 893 
Carotene in blood, method for, 1066 
Carotinoids, 1066 
Cartwright-Jones-Wintrobe’ method for copper 
in blood, 1022 
Casein in milk, method for, 1061 
Castaheda brucella medium, 395 
Casts, bronchial, in sputum, 204 
in urine, 174 
Cations of blood, 1014 
Caudate epithelial cells in urine, 178 
Cavett method for ethyl alcohol, 1104 
Celloidin, 1120 
method for embedding tissue, 1128 
Cephalin-cholesterol flocculation test, 255 
Cerebrospinal fluid, amount of, 294 
appearance of, 295 
Ayala quotient of, 295 
bacteriologic examination of, 314, 337 
collection for, 467 
blood in, 297 


INDEX 


Cerebrospinal fluid (cont.) 
cell count of, 297, 298 
chlorides in, 305 
coagula in, 296 
collection of, 290 
colloidal benzoin test of, 312 
colloidal gold test of, 306 
colloidal mastic test of, 308 
complement fixation tests with, 797 
cytodiagnosis of, 298 
flocculation tests with, 856 
glucose in, tests for, 304 
Folin-Wu, 305 
Lyttle and Hearn, 305 
in disease, 313 
Levinson test with, 301 
pressure of, 294 
protein in, tests for, 299 
Harding-Harris, 302 
Johnson-Gibson, 303 
Kingsbury-Clark-Williams-Post, 302 
Nonne-Apelt, 300 
Pandy, 300 
Ross-Jones, 300 
VDRL, 303 
Quackenstedt test of, 295 
reaction of, 297 
routine examination of, 293 
sediment in, 296 
specific gravity of, 295 
syndrome of Froin in, 296 
tryptophane test of, 301 
xanthochromia of, 296 
Cestodes, 691 
Chagas’ disease, 719 
Chancroid, allergic skin test in, 916 
bacteriology of, 508 
Charcot-Leyden crystals, in feces, 262 
in sputum, 205 
Char-Lab glassware washer, 353 
Chemical examination, of blood, 959 
of bile, 246 
of diabetic foods, 1064 
of duodenal contents, 231 
of exudates, 280 
of milk, 1056 
of saliva, 179 
of transudates, 279 
of urinary calculi, 185 
Chick embryo, amniotic fluid of, 655 
anatomy of, 651, 654 
choric-allantoic membrane of, 651 
viral isolations with, 650 
yolk sac of, 655 
Chickenpox, 647, 657 
Chilomastix mesnili, 679 
Chlamydospore, 614, 630 
Chloramphenicol (chloromycetin), assay of, 577 
susceptibility of bacteria to, 563 
Chlorides, in blood, methods for, 1003, 1005 
normal range of, 963 
in cerebrospinal fluid, 305 
in exudates, 280 
in gastric contents, 216 
in transudates, 279 
in urine, 168 
Cholera red reaction, 437, 534 
Cholesterol, in blood, method for, 1028 
normal range of, 963 


Cholesterol (cont.) 
in cerebrospinal fluid, 300 
in exudates, 281 
Cholesterol esters in blood, method for, 1029 
Chopra’s antimony test, 726 
Choriocarcinoma, hormone test for, 324 
Chromoblastomycosis, 620, 632 
Circulin, 566 
Citrate utilization, 448 
Clark-Collip method for blood calcium, 1017 
Cleaning, blood apparatus, 41 
mixture, for glassware, 960 
solution, 355 
Clonorchis sinensis, 689 
Clostridia, of gas gangrene, 451, 539 
colonies of, 442 
identification of, 536 
keys for, 453, 539 
pathogenicity of, 536 
Clostridium, botulinum, 540 
fallax, 539 
histolyticum, 539 
novyi, 539 
septicum, 539 
sporogenes, 539 
tetani, animal test for, 455 
colonies on blood agar, 442 
identification of, 537 
in wounds, 454 
isolation of, 454 
welchi, anima} test for, 454 
colonies on blood agar, 442 
identification of, 539 
in gangrene, 451 
isolation of, 453 
Clot retraction time, method for, 116 
Coagulase test, 439, 481 
Cocaine, detection of, 1108 
Cocci, gram-negative, identification of, 493 
on blood agar, 441 
gram-positive, identification of, 481 
on blood agar, 440 
Coccidioides immitis, 620, 640 
Coccidioidin, 918 
Coccidioidomycosis, 620, 640 
skin test for, 918 
Coccidiosis, of rabbits, 18 
Cochliomyia macellaria, 735 
Codeine, detection of, 1108 
Coleman junior spectrophotometer, 930 
Coliform bacilli, division of, 524, 598 
fecal types of, 598 
identification of, 524 
in milk, 592 
in water, 595 
nonfecal types of, 598 


Colitis, ulcerative, collection of material from, 


340 
Collection, of bile, 236 
of blood, for chemical tests, 960 
for preparation of plasma and serum, 742 
of cerebrospinal fluid, 337 
of cow’s milk for chemical analysis, 1056 
of duodenal contents, 230 
of exudates, 276 
of feces, 664, 683 
of human milk, 1063 


of material for bacteriologic examinations, 


329 
for dysentery, 340 
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Collection (cont.) 
of material (cont.) 

for H. ducreyi, 347 
for T. pallidum, 346 
from abscesses, 331 
from bronchi, 334 
from ears, 337 
from eyes, 331 
from gingivae, 335 
from leprosy, 347 
from mastoids, 337 
from nasopharynx, 332 
from necropsies, 349 
from nose, 332 
from prostate, 344 
from sinuses, 332 
from teeth, 335 
from throat, 333 
from tonsils, 333 
from typhoid fever, 340 


from ulcerative colitis, 340 


from ulcers, 331 
from urethra, 344 
from wounds, 347 
of blood, 340 
of bile, 338 
of cerebrospinal fluid, 337 
of exudates, 277 
of feces, 340 
of gastric washings, 338 
of urine, 343 
of vaginal secretions, 345 
of saliva, 198 
of semen, 285 
of sputum, 201 
of stomach contents, 208 
of transudates, 276 
of urine, 127 


Colloidal, benzoin test of spinal fluid, 312 


gold test, 306 
mastic test, 308 
Colonies, bacterial, deep, 433 


description of, on blood agar, 440 


examination of, 418, 433 
in blood agar, 439 
H type, 531 
O type, 531 
Colony counter, Quebec, 587 
Color, of bile, 236, 241 


of cerebrospinal fluid, 295, 296 


of duodenal contents, 230 
of feces, 259 
of urine, 132 
of sputum, 202 
Color index, of blood, 64 
Colorado tick fever, 647 


complement fixation test for, 839 


Colorimeter, 924 
Duboscq, 924 
Hellige, 366 
La Motte, 364 
photoelectric, 926 
Colorimetry, methods of, 922 


Complement, preparation of, 800 


preservation of, 801 
pretesting of, 805, 809, 817 
titration of, 804, 817 

Complement fixation tests, 797 
for bacterial diseases, 839 
for blood stains, 850 
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Complement fixation tests (cont.) 
for leptospirosis, 839 
for metazoal diseases, 848 
for protozoal diseases, 848 
for rickettsial diseases, 839 
for syphilis, Boerner-Lukens, 803 
Eagle, 807 
Kolmer, 814 
for viral diseases, 839 
general technic, 797 
preparation, of antisheep hemolysin, 799 
of complement, 800 
of saline solution, 798 
of sera, 802 ) 
of sheep corpuscles, 798 
of spinal fluids, 802 
with anticomplementary sera, 837 
spinal fluids, 839 
with dog sera, 846 
with exudates, 847 
with milk, 847 
with mule sera, 846 
with rabbit sera, 846 
with transudates, 847 
with urine, 847 
Concentration tests for kidney function, 192 
Concretions in feces, 260 
Conglutination, 795 
Congo red test, 197 
Conidia, 614 
Conjunctival test for allergy, 906 
Contact test for allergy, 907 
Conversion factors, metric weights and meas- 
ures, 1149 
Coombs test for Rh sensitization of erythro- 
cytes, 785 
Copper in blood, method for, 1022 
normal range of, 1024 
Copper sulfate method for specific gravity, 1037 
Copper test for mercury, 1087 
Coprozoic parasites, 664 
Corynebacterium, diphtheriae. See diphtheria 
bacillus 
hofmanni, 502 
pseudodiphtheria, 502 
xerose, 502 
Cough plates, 335, 506 
Coverglasses, 352 
Cow’s milk, chemical examination of, 1056 
Crab louse, 735 
Creatine in urine, 146 
Creatinine, in blood, method for, 982 
normal range of, 963 
in urine, 146 
Creatinine clearance test, 191 
Cryochem apparatus, 421 
method for preservation of plasma and serum, 
747 
Cryptococcosis, 620, 643 
Cryptococcus neoformans, 620, 643 
Crystals, in bile, 246 
in feces, 262 
in urine, 179 
Crystal formation method, analysis of calculi, 
188 
Crystal violet stain, for amyloid, 1136 
Ctenocephalides canis, 734 
Cultivation, of aerobic bacteria, in broth, 407 
in pour plates, 409 
in shake plates, 410 


Cultivation (cont.) 


of anaerobic bacteria, methods of, 412 


Culture media, A.A.S.S. medium, 392 


adjustment of reaction, 362 
albumin agar, 399 
amigen broth, 660 
anaerobic agar, 379 
anaerobic fermentation, 391 
basic constituents of, 360 
B.C.G. glucose agar, 394 
beef broth for pneumothorax, 404 
beef extract agar, 374 
broth, 374 
beef heart-pancreatic digest, 377 
bile-brilliant green-lactose broth, 383 
bismuth sulfite agar, 391 
blood agar base, infusion, 377 
trypticase-soy, 377 
blood culture media, 377, 378 
Bordet-Gengou agar, 387 
brain-heart infusion agar, 375 
broth, 375 
bromcresol purple milk, 385 
carbohydrate broth, 381 
Castafieda brucella medium, 395 
chocolate agar, 386 
Christensen’s urea medium, 392 
cooked meat medium, 378 
cornmeal agar, 403 
cystine trypicase agar, 380 
cystine tellurite blood agar, 388 
dehydrated media, 360 
desoxycholate, citrate, lactose, sucrose agar, 
390 
differential medium, 471 
disinfectant agar, 382 
broth, 381 
Dorset’s egg (modified), 396 
Dubos medium, 398 
Eijkman lactose, 383 
eosin methylene blue agar, 391 
F.D.A. broth, 381 
fermentation medium, 381, 387 
filtration of, 370 
for bacteriophage, 660 
for fungi, 403 
for hydrogen sulfide production, 385 
for indol production, 384 
for sterility testing, 608 
formate ricinoleate broth, 382 
gelatin, 385, 386 
gonococcus media, 386, 387 
hemo-tryptone broth, 399 
infusion broth, 376 
iron milk, 386 
Koser citrate broth, 383 
lead acetate agar, 385 
lead acetate broth, 385 
leptospira medium, 400 
“letheen” broth, 382 
Levine E.M.B. agar, 391 
Levinthal broth, 396 
liver infusion agar, 394 
with thionin or basic fuchsin, 395 
Loeffler’s serum medium, 388 
Lowenstein-Jensen medium, 397 
Methyl red-Voges Proskauer medium, 384 
milk media, 385, 386 
motility medium, 375, 433 
nitrate reduction media, 384 


Culture media (cont.) 


nutrient agar, 375 
broth, 374 
penicillin assay agar, 401, 402 
broth, 402 
peptone, for indol production, 384 
Petragnani medium, 396 
Petroff medium, 397 
pH of, 362 
pleuropneumonia media, 400, 401 
potato medium, 395 
preparation of, 359, 373 
principles of, 359 
Proskauer-Beck medium, 399 
proteose No. 3 tellurite agar, 389 
purple broth, 381 
rabbit blood agar, 359 
raffinose serum tellurite agar, 389 
rapid fermentation broth, 393 
Russell’s double sugar agar, 391 
Sabouraud’s glucose agar, 403 
maltose agar, 403 
salt broth, 393 
selective media, 360, 472 
selenite-F enrichment, 390 
Simmons citrate agar, 383 
sodium azide blood agar, 393 
sodium hippurate broth, 385 
sodium malonate broth, 384 
S.S. agar, 390 
starch serum medium, 400 
sterility testing medium, 379 
sterilization of, by filtration, 371 
with heat, 370 
stock culture medium, 380 
streptomycin assay media, 402 
tartrate medium, 393 
T.B. broth base, 399 
tetrathionate enrichment broth, 390 
thioglycollate, ascitic fluid, 400 
Brewer, 379 
tomato juice agar, 394 
Todd-Hewitt broth, 376 
triple sugar iron agar, 391 
trypticase soy agar, 380 
broth, 380 
tryptone broth, 384 
tryptone glucose agar, 382 
tryptose agar, 394 
DEST, agar, 391 
tween-albumin, 398 
urea broth, 391, 392 
veal infusion agar, 376 
broth, 375 
violet red bile agar, 382 
yolk medium, 401 
Youman’s medium, 399 
Cultures, bacterial, anaerobic, 412 
examination ot, 418 
for COs incubation, 417 
handling of, 407 
in broth tubes, 407 
in pour plates, 409 
in shake plates, 410 
in shake tubes, 412 
of blood, 340 
on agar plates, 409 
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Cylindroids, 175 
Cysticercus, bovis, 691 
cellulosae, 694 
Cytodiagnosis, of cerebrospinal fluid, 298 
of exudates, 282 
of feces, 262 
of transudates, 281 


D’Antoni’s iodine solution, 669 
Darkfield apparatus, 8 
collection of material for, 346 
examination by, 8, 419 
in syphilis, 331 
Davidsohn’s test for infectious mononucleosis, 
789 
differential, 791 
presumptive, 789 
Davies-Hinton flocculation test, 866 
Delmonico method for barbiturates, 1106 
Dermacentor, andersoni, 731 
variabilis, 731 
Dermanyssus gallinae, 728 
Dermatophytids, etiology of, 621 
skin tests for, 918 
Dermatophytoses, etiology of, 612 
skin tests for, 918 
Dermodex folliculorum, 728 
Desivac apparatus, 421 
preparation of plasma and serum, 749 
Desoxycholate citrate, lactose, sucrose agar, 390 
differential medium, 471 
disinfectant media, 381, 382 
Desoxycholate sodium, in solubility test, 438 
Dextrin, in food, estimation of, 1065 
Diabetic foods, ash in, 1064 
chemical analysis of, 1064 
dextrin in, 1065 
fat in, 1064 
glucose in, 1065 
moisture in, 1064 
starch in, 1065 
Diacetic acid in urine, tests for, 159 
Diacetyl monoxine method for urea nitrogen, 
969 
Diamond-Abelson test for Rh antibodies, 783 
Diatoms in urine, 184 
Diazo test, Ehrlich’s, 166 
Dicalcium phosphate crystals in urine, 182 
Dick test, 909 
Dientamoeba fragilis, 666 
Diethelm method for bromide in blood, 1111 
Difco Laboratories, 360, 559, 609 
Dihydrostreptomycin, 566 
Diodrast allergy, skin test for, 921 
Dioxane, 1121 
Diphtheria bacillus, 500 
colonies on blood agar, 442 
culture media for, 388 
identification of, 500 
staining of, 424 
types of, 501 
virulence of, 502 
Diphtheroid bacilli, 442, 502 
Diphyllobothrium latum, 694 
Dipylidium caninum, 696 
Dirofilaria immitis, 716 


Curschmann’s spirals, 203 i 
Cutler sedimentation test, 117 Diseases, of guinea pigs, 16 


Cyanide, tests for, 1099, 1100 of mice, 19 
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Diseases (cont.) 
of rabbits, 18 
of rats, 19 
Disinfectants, 599 
bactericidal tests of, 606 
bacteriostatic tests of, 605 
diffusion of, 607 
fungistatic tests of, 610 
quarternary ammonium salts, 599, 609 
organic matter, effects on, 606, 607 
phenol coefficient test of, 600 
practical use of, 608 
principles of, 599 
toxicity tests of, 608 
use dilution, bactericidal, 606 
Disposal of infectious material, 349 
Disintegrated leukocytes, 90 
Dittrich’s plugs, in sputum, 204 
Dog, blood cells in, normal ranges of, 17 
intravenous injection of, 27 
obtaining blood from, 33 
serum, complement fixation test with, 846 
tapeworm, 695 
Dohle’s inclusion bodies, 94 
Donath-Landsteiner test for paroxysmal hemo- 
globinuria, 795 
Donovan bodies, 553 
Donovania granulomatis, 550 
culture media for, 401 
identification of, 550 
Dozzi test for amylase in urine, 170 
Dracunculus medinensis, 717 
Drop method for specific gravity, 1037 
Drumstick spores, 455, 537 
Duboscq colorimeter, 924 
colorimetry, 924 
Duke method for bleeding time, 112 
Dunning colorimeter, 195 
Duodenal contents, 230 
chemical examination of, 231 
collection of, 230 
macroscopic examination of, 231 
microscopic examination of, 234 
Durham tube, 351 
Dust extracts, preparation of, 913 
Dwarf tapeworm, 694 
Dyes, solubility of, 422 
Dysentery, amebic, complement fixation test 
for, 848 
etiology of, 666 
feces in, 264 
bacillary, agglutination test for, 764 
collection of material in, 340 
etiology of, 530 
feces in, 264 


Eagle, complement fixation test for syphilis, 807 
flocculation test, 859 
Ear, bacteriologic examination of, 464 
collection of material from, 337 
mange, of rabbits, 18 
Eberthella typhosa. See Typhoid bacillus 
Echinococcosis, complement fixation test for, 
849 
precipitin test for, 901 
skin test for, 918 
Echinococcus granulosis, 695 
Eckert method for para-aminobenzoic acid, 1080 
Egg candler, 650 
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Ehrlich’s diazo reagent, preparation of, 1025 
diazo test, 166 
test for urobilinogen, 164 
Ehrmann test meal, 211 
Elastic tissue, in sputum, 204 
in feces, 262 
stain, 1133 
Embadomonas intestinalis, 679, 681 
Encephalitis, Japanese B, 647 
St. Louis, 648 
Endamoeba, coli, 666, 670, 671, 672 
gingivalis, 666, 727 
histolytica, 666, 669, 670, 671, 672 
Boeck-Drbohlav medium for, 678 
Cleveland-Collier medium for, 679 
Endolimax nana, 666, 670, 671 
Endothelial cells, in exudates, 283 
in sputum, 206 
in transudates, 283 
Enteric bacilli, 524 
division of, 525 
Enterobius vermicularis, 696 
Enterococci, 487 
colonies of, 440, 487 
culture media for, 393 
identification of, 487 
on blood agar, 440 
pathogenicity of, 486 
Enteroliths, 261 
Enteromonas hominis, 679, 681 
Enterotoxin, staphylococcus, 482 
Enzymatic stains, 1141 
Enzymes, amylase, in blood, 1046 
in duodenal contents, 233 
in gastric contents, 215, 216 
lipase, in blood, 1045 
pancreatic, in feces, 269 
phosphatase, in serum, 1042, 1044 
trypsin, in duodenal contents, 231 
in feces, 269 
Eosinopenia, 90 
Eosinophilia, 90 
Eosinophils, in blood, 78 
in exudates, 282 
in feces, 262 
in sputum, 206 
in transudates, 282 
Epidemic keratoconjunctivitis, 647 
Epidermophyton floccosum, 621, 626 
Epithelial casts, in urine, 174 
cells, in bile, 244 
in duodenal contents, 234 
in feces, 262 
in gastric contents, 228 
in sputum, 206 
in urine, 177 
Equine encephalomyelitis, 647 
complement fixation test for, 839 
Equivalent weights, definition of, 942 
Erysipeloid, 541 
Erysipelothrix rhusiopathiae, 541 
Erythrasma, 621, 632 
Ervthrocytes, abnormal, 97 
agglutination of, in atypical pneumonia, 792 
basophilic degeneration of, 98 
color index of, 64 
counting of, 54 
diameter of, 104 
fragility of, 122 
grouping of, 771 


INDEX 


Erythrocytes (cont.) 
in feces, 262 
in gastric contents, 216 
in urine, 177 
measuring of, 104 
normal, 97 
pernicious anemia type of, 98 
sedimentation rate of, 116 
sickle, 103 
volume, of packed, 59 
mean corpuscular of, 62 
thickness index of, 106 
Erythrocytic standards, normal, 100 
Erythrocytosis, 98 
Esbach’s test for albumin in urine, 144 
Escherichia-aerobacter group, 444, 524, 598 
coli, 444, 524 
mutabile, 526 
Estivo-autumnal malaria, 712 
Estrin, tests for, 325 
in urine, 325 
vaginal smear for, 326 
Ethyl alcohol, in blood, 1104 
in body fluids, 1104 
in tissues, 1104 
in urine, 1104 
Eumycin, 566 
Evelyn colorimeter, 927 
Ewald test meal, 211 
Exton immiscible balance, 136 
test for albumin, in urine, 140, 142 
Exudates, 276 
bacteriologic examination of, 284 
chemical examination of, 280 
collection of, 276 
complement fixation test with, 817 
cytodiagnosis of, 282 
physical examination of, 279 
Eye, bacteriologic examination of, 458 
collection of material from, 331 
histologic examination of, 1143 


Fabricus-Moller method for amylase in urine, 
171 
Farmer-Abt method for ascorbic acid, 1078 
Fasciola hepatica, 689 
buskii, 689 
Fat, in cow’s milk, 1057 
in cream, 1058 
in foods, 1064 
in human milk, 1063 
Fats, in feces, amounts of, 270 
Lests fone (eeuiz 
Fatty acids, in feces, 270 
crystals of, in sputum, 205 
casts, in urine, 174 
Faust flotation method, 674 
Favus, 621 oN 
F.D.A. method for testing disinfectants, 600 
Feces, 258 
amount of, normal, 258 
bacteriologic examination of, 471 
bile acids in, tests for, 269 
bilirubin in, test for, 268 mat 
collection of, for bacteriologic examination, 
340 
for parasites, 664, 683 
color of, 259 
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Feces (cont.) 
composition of, 258 
consistency of, 259 
coprozoic parasites in, 664 
fats in, 270 
flagellates in, 679 
food remnants in, 262 
forms of, 259 
helminths in, 683 
lead in, detection of, 1083, 1088 
macroscopic examination of, 258 
mailing of, 665 
microscopic examination of, 261 
mucus in, 260 
occult blood in, tests for, 265 
odor of, 260 
pancreatic enzymes in, 269 
reaction of, 260 
sporozoa in, 682 
urobilin in, 266 
Feeding of experimental animals, 14, 15 
Fehling test for glucose in urine, 151 
Fermentation by bacteria, 435 
rapid methods of, 436 
Ferric chloride reagent, 384 
test, for hydrolysis of sodium hippurate, 438 
for salicylates, in milk, 1062 
Fibers in urine, 184 
Fibrinogen in blood, methods for, 1035, 1036 
normal range of, 963 
Fibrinolysin test, 439 
Fibrinous casts in urine, 174 
Figure-of-eight cells, 639 
Filariasis, skin test for, 920 
Filters, Berkefeld, 371, 660 
Chamberland, 371 
cleaning of, 372, 373 
fritted glass, 373 
Mandler, 372 
selas, 371, 660 
sintered glass, 371, 660 
Seitz, 371 
Filtrate, protein-free, preparation of, 964 
Fishberg tests, for kidney function, 193 
specific gravity, 193 
water function, 194 
Fiske-Subbarow method for blood phosphorus, 
1006 
Fistulae, bacteriologic examination of, 456 
Flagella, staining of, 427, 433 
Flame photometer, 930 
Fleas, identification of, 733 
Flemming’s solution, 1120 
Flocculation tests for syphilis, 856 
Boerner-Jones-Lukens, 856 
Davies-Hinton, 866 
Eagle, 859 
Hinton, 863 
Kahn, 869 
Kline, 882 
Mazzini, 886 
Rein-Bossak, 891 
VDRL, 893, 895 
Florence test for spermatozoa, 272 
Folin blood sugar tube, 986 
Folin-Ciocalteau phenol reagent, 1032, 1042 
Folin-Malmros method for blood sugar, 987 
Folin-Wu method, for blood sugar, 895 
for creatinine, 982 
for protein-free filtrate. 964 
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Folin-Wu method (cont.) 
for sugar in spinal fluid, 305 
pipet, 986 
Fonio method for counting thrombocytes, 108 
Food, in feces, 262 
in gastric contents, 218 
Foods, diabetic, chemical analysis of, 1064 
Formaldehyde in cow’s milk, method for, 1062 
Formalin fixative for tissues, 1119 
Formol-alcohol for fixation of tissue, 1119 
Foshay antibody test, 911 
Fractional gastric analysis, 213, 216, 220 
Fradkin aspirator, 665 
Fragility of erythrocytes, test for, 122 
Frame-Russell-Wilhelmi method for amino 
acids, 980 
Frei test, 553 
Fresinius von Babo method for metallic poisons, 
1085 
Friedemann-Hangen method for pyruvic acid, 
1069 
Friedlander bacillus, 512 
Friedman test for pregnancy, 317 
Frog hormone tests, for choriocarcinoma, 324 
for hydatidiform mole, 324 
for pregnancy, 320 
Rana pipiens tests, 323 
Xenopus laevis tests, 321 
Froin syndrome, 296 
Frommer test for acetone in urine, 159 
Function tests, of kidneys, 190 
of liver, 244 
of pancreas, 273 
Fungi, animal inoculation with, 620 
classification of, 620 
collection of material for, 613 
colonies of, 620 
culture media for, 403 
culturing of, 618 
definition of terms of, 614 
examinations for, 612, 616 
growth requirements of, 620 
identification of, 619 
imperfecti, 612, 614 
staining of, 432 
Furuncles, bacteriologic examination of, 449 
Fuseaux, 614 
Fusiform bacilli, 542 
colonies on blood agar, 445 
identification of, 542 
Fusospirochetal organisms, 542 
staining of, 421, 430 


Gaffky scheme, for tubercle bacilli, 519 
Galactose, in urine, test for, 158 
tolerance test, 249 
Galactosuria, 150 
Gangrene, bacteriologic examinations of, 451 
Gas gangrene, 451 
Gasometric methods, 932 
Gastric contents, after one hour test meal, 215 
in fractional analysis, 216 
in histamine test, 217 
juice, properties of, 215 
mucin, 403 
residuum, amount of, 217 
bile in, 217 
mucus in, 217 
odor of, 217 
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Gastric residuum (cont.) 
pus in, 217 
washings, bacteriologic examination of, 480 
collection of, 338 
Gelatin, 365, 366 
liquefaction of, 435 
nature of, 361 
Gerhardt test for diacetic acid in urine, 159 
Germicides. See Disinfectants. 
Giardia lamblia, 679, 680 
Giardiasis of rabbits, 19 
Giemsa stain, 431 
method, for staining blood smears, 75 
for staining tissues, 1140 
Gillespie pH standards, 366 
Gingivae, bacteriologic examination of, 463 
collection of material from, 335 
Glanders, agglutination test for, 770 
bacteriologic examinations in, 514 
complement fixation test for, 839 
Glassware, calibration of, 923 
cleaning of, 352, 354, 797 
cloudy, 355 
new, 355 
used, 353 
washers, 353 
preparation of, in chemical tests, 959 
selection of, 351 
sterilization of, 358 
Globulin, in blood, method for, 1031 
normal range of, 963 
in cerebrospinal fluid, 299 
in urine, 138 
Glucosazone crystals, in urine, 152 
Glucose, in blood, 987 
Folin-Malmros method 
of, 987 
Folin-Wu method for determination of, 985 
normal range of, 963 
in cerebrospinal fluid, 304 
in exudates, 280 
in foods, 1065 
in transudates, 279 
in urine, 150, 154 
Glucose tolerance test, 249 
Glycerol water, buffered, 390 
Glyciphagus domesticus, 728, 730 
Glycosuria, 150 
Glycuresis, 150 
Goat, blood cells in, 17 
Gonadotropic hormones, tests for, 327, 328 
Gonococcus, blood culture for, 478 
collections of materials for, 344, 493 
colonies of, 446 
complement fixation test for, 839 
culture media for, 386, 387 
identification of, 493 
in prostate gland, 475 
in urethra, 344 
in urine, 474 
in urogenital organs, 475 
in vaginal secretions, 345 
on blood agar, 441 
oxidase test for, 448 
Gram stain, 422 
Granular casts in urine, 174 
Granulocytes, 81 
Granuloma inguinale, 331, 550 
Granulomatous lesions, bacteriological examina~ 
tion of, 458 


for determination 
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Greenberg method, for albumin and globulin in 
blood, 1032 
for bromide in blood, 1112 
Grinder, Ten Broeck, 650 
Guaiac test for occult blood, 266 
Guinea pig, blood of, method of securing, 31 
blood cells in, 17 
diseases of, 16 
feeding of, 15 
injection of, 22, 27 
Gutzeit method for arsenic, 1093 


H antigen, 751 
Haden method, for mean diameter of erythro- 
cytes, 105 
for protein-free filtrate, 964 
for total nitrogen, in urine, 146 
for volume of packed erythrocytes, 62 
Haden-Hausser method, for hemoglobin, 51 
Haemo-sol, 349, 352 
Haine test for glucose in urine, 151 
Hammarsten test for bilirubin in urine, 162 
Hammerschlag test for pepsin in stomach, 224 
Hanger cephalin flocculation test, 255 
Harding-Harris method for protein in spinal 
fluid, 302 
Harris-Ray method for ascorbic acid, 1079 
Harrison test for bilirubin in urine, 161 
Harrison test tube plugging machine, 356 
Hart test for beta-oxybutyric acid in urine, 160 
Haverhill fever, 547 
Hay test, for bile acids in urine, 162 
Hayem diluting fluid, 56 
Heart failure cells in sputum, 205 
Heat and acid test for albumin in urine, 139 
Heckman meal, gastric analysis, 211 
Heidenhain iron-hematoxylin stain, amoeba, 676 
Heinecke glassware washer, 354 
Heller test for albumin in urine, 142 
Hellige colorimeter, 365 
Helminths in feces, 683, 701 
Hemagglutination, test for atypical pneumonia, 
792 
inhibition test for influenza, 793 
Hematoidin crystals in feces, 262 
Hematoxylin and eosin stain, 1130 
Hemin, 1113 
Hemoglobin estimation, by colorimeter method, 
52 
by Haden-Hausser method, 51 
by iron determination, 1000 
by oxygen capacity, 1000 
by Sahli method, 53 
by-Sanford-Sheard-Osterberg method, 52 
by specific gravity method, 1037 
mean corpuscular concentration, 63 ‘ 
mean corpuscular hemoglobin concentration, 
64 
normal range of, 50 
Hemoglobinuria, paroxysmal, 795 
Hemolysin, antisheep, preparation of, 799 
Hemolysis, by bacteria, 438 _ ‘ Pas 
Hemophilus, ducreyi, bacteriologic examination 
for, 347 
colonies on blood agar, 445 
culture media for, 396 
identification of, 508 
hemolyticus, 445. 504 
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Hemophilus (cont.) 
influenza, capsular swelling test, 505 
colonies on blood agar, 445 
culture media for, 396, 399 
identification of, 503 
precipitin test for, 505, 900 
skin test for, 911 
types of, 504 
parapertussis, 445, 504, 507 
pertussis, collection of material for, 335 
colonies on blood agar, 445 
culture media for, 387 
identification of, 506 
Hemoptysis, 203 
Hemosiderin in urine, 172 
Hench-Aldrich salivary urea index, 199 
Hennessy-Cercedo method for thiamin, 1067 
Henrici slide culture method, 619 
Henry-melano-flocculation test, 712 
Herpes simplex, 647, 653 
zoster, 647, 657 
Hinton flocculation test, 863 
Hippurate, sodium, hydrolysis of, 438 
Hippuric acid synthesis test, 250, 251, 252 
Hirst inhibition test, 793 
Histamine test in gastric analysis, 212, 217 
Histoplasma capsulatum, 621, 641 
Histoplasmin, 918 
Histoplasmosis, 621, 641 
complement fixation test for, 839 
Hog, blood cells in, 17 
obtaining blood from, 33 
Hookworm, New World, 698 
Old World, 698 
Hormodendrum pedrosoi, 620, 632 
Hormone tests, for choriocarcinoma, 324 
for estrin, 325 
for gonadotropic hormones, 327 
for hydatidiform mole, 324 
for pregnancy, 315 
for teratoma of testes, 325 
Horse, blood cells in, 17 
obtaining blood from, 32 
Housing of animals, i3 
Howell method, for coagulation time, 111 
Huddleson agglutination test, 759 
Huff-Perlzweig method for nicotinamide, 1076 
Human milk, 1063 
Huppert test for bilirubin in feces, 268 
Huppert-Nakayama test for bilirubin in urine, 
162 
Huygenian oculars, 2 
Hyaline casts in urine, 174 
Hyaluronic acid, 446 
Hyaluronidase, 446 
Hydatidiform mole, hormone test for, 324 
Hydrochloric acid, in stomach contents, 216, 
218 
solutions, preparation of, 943, 950 
Hydrogen ion concentration of urine, 135 
Hydrogen sulfide, production of, by bacteria, 
438 
Hydrophobia, 659 
Hymenolepsis nana, 694 
Hyperacidity, gastric, 210 
Hyperchromasia, 99 
Hyperchromatic, 99 
Hyperchromic, 99 
Hypochromasia, 99 
Hypochromatic, 99 
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Hypochromic, 99 
Hyphae, 614 


Icterus index, method for, 1024 
normal range of, 963 
Id reaction, 621 
Identification of animals, 14 
Immunologic skin tests, 909 
Dick, 909 
for influenza antibody, 911 
for pneumococcus antibody, 911 
for tularemia, 911 ‘ 
Schick, 909 
Schultz-Charlton, 911 
IMVC reactions, 526, 598 
Inclusion blennorrhea, 647, 657 
Incubation of cultures, anaerobic, 413 
carbon dioxide, 417 
Index, color of blood, 64 
icterus, 1024 
volume, of blood, 64 
saturation, of blood, 64 
Indican in urine, method for, 160 
Indicators, Andrade’s, 364 
color range of, 363 
pH, 362 
preparation of, 362 
Indirect skin tests, 908 
Indol, production of, by bacteria, 436 
Kovac test for, 436 
oxalic acid paper test for, 436 
Infectious lymphocytosis, 96 
mononucleosis, 96 
Influenza, 647 
Inoculation of animals, 19 
general directions for, 19 
intra-abdominal, 27 
of guinea pig, 27 
of mouse, 29 
of rabbit, 27 
intracardial, 27 
intramuscular, 21 
intravenous, 21 
of guinea pig, 21 
of mouse, 24 
of rabbit, 21 
of rat, 24 
subcutaneous, 20 
subdural, 29 
testicular, of rabbit, 29 
Todate solution, N/10, preparation of, 945 
Iodine solution, N/10, preparation of, 954 
Inorganic phosphorus, of blood, 1006 
sulfur, of blood, 1012 
Inspissation, sterilization by, 371, 388 
International atomic weights, 1152 
International classification of blood groups, 771 
Inulin clearance test, 192 
Iodamoeba biitschlii, 666 
Tron, in blood, method for, 1000 
normal range of, 963 
in serum, method for, 1021 
normal range of, 1022 
Tsoagglutinins, 771 
Tsoagglutinogens, 771 
Isospora, belli, 682 
hominis, 682 
Ixodidae, 731 
genera of, 733 
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Jansky blood groups, 771 
Japanese B encephalitis, 647 
complement fixation test for, 839 
Jenner method for staining blood, 76 
Johnson-Gibson method for protein in spinal 
fluid, 303 


Kahn flocculation test for syphilis, 869 
presumptive, 879 
standard, 875, 881 
Kaiserling method for preservation of gross tis- 
sues, 1146 
Kala-azar, 722 
Karr method for blood urea, 967 
Keller method for urea nitrogen, 964 
Kelling test for lactic acid, 222 
Kelso modification of Aschheim-Zondek test, 317 
Kidney function tests, 190 
Addis-Shevky, 194 
Congo red, 197 
creatinine clearance, 191 
Fishberg, 193, 194 
inulin clearance, 192 
Lashmet-Newburgh, 194 
Mosenthal, 192 
phenolsulfonephthalein, 195, 196 
Rowntree-Geraghty, 195 
Shaw, 196 
Van Slyke urea clearance, 191, 975 
Volhard-Fahr, 193 
King-Armstrong method for phosphatase, 1042 
Kingsbury-Clark-Williams-Post method for pro- 
tein in spinal fluid, 302 
Kinyoun stain for acid-fast bacilli, 1139 
Klebsiella pneumoniae, 512 
ozenae, 514 
rhinoscleromatis, 513 
Klein-Perlzweig-Handler method for nicotinic 
acid, 1074 
Klett-Summerson colorimeter, 927 
Kline flocculation test for syphilis, 882 
Klotz method for preservation of gross tissues, 
1146 
Knives, microtome, 1116 
Koch-McKeekin method for nonprotein nitro- 
gen, 977 
Koch-Weeks bacillus, 504, 507 
Kolmer, bacteriostatic tests, 605, 606 
chart for spinal fluid, 308 
complement fixation tests, 814 
for brucellosis, 839, 843 
for Colorado tick fever, 839 
for equine encephalomyelitis, 839 
for glanders, 842 
for gonococcus infections, 839 
for histoplasmosis, 842 
for influenza, 839 
for Japanese B encephalitis, 839 
for leptospirosis, 843 
for lymphocytic choriomeningitis, 839 
for lymphogranuloma venereum, 839 
for mumps, 839 
for paratyphoid fever, 839 
for psittacosis, 839 
for Q fever, 839 
for rabies, 839 
for rickettsialpox, 839 
for Rocky Mountain spotted fever, 839 


Kolmer (cont.) 
complement fixation tests (cont.) 
for St. Louis encephalitis, 839 
for syphilis, 814 
for tuberculosis, 842 
for tularemia, 839 
for typhoid fever, 839, 842 
for typhus fever, 839 
with dog sera, 846 
with exudates, 847 
with milk, 847 
with mule sera, 846 
with rabbit sera, 846 
with transudates, 847 
with urine, 847 
method for penicillin assay, 573 
for preparing vaccines, 585 
Kovac test for indol, 436 


Laboratory accidents, 35, 36 
Lactic acid in gastric contents, 221 
Lactobacillus acidophilus, 535 
culture media for, 394 
fecal counts of, 535 
identification of, 535 
saliva counts of, 535 
Lactophenol cotton blue stain, 432 
Lactose, in cow’s milk, 1061 
in human milk, 1064 
in urine, 156 
Lactosuria, 150 
La Motte hydrogen ion set, 364 
Lancefield groups of streptococci, 485 
Landsteiner blood groups, 771 
method for grouping, 777 
Lange colloidal gold test, 306 
Lange test for acetone in urine, 159 
Larvae, of helminths in feces, 683 
of myiasis, 735 
of muscoid flies, 735 
Lashmet-Newburgh concentration test, 194 
SB aiCelsy e025 
Lead, in blood, 1089 
in feces, 1088 
in tissues, 1088 
in urine, 1088 
Lee test, for rennin, 226 
Lee-Vincent method for calcium time, 115 
Lee-White method for coagulation time, 111 
Leishmania, 722 
blood examinations for, 723 
Chopra antimony test for, 726 
cultures of, 723 
identification of, 722 
Napier aldehyde test for, 728 
serologic tests for, 726 
Sia test for, 726 
tissue examinations for, 723 
Leishmaniasis, 722 
complement fixation test for, 848 
cutaneous, 722 
skin test for, 920 
visceral, 722 
Leprosy bacillus, 523 
bacteriologic diagnosis of, 347 
Leptocytic, 99 
Leptocytosis, 99 
Leptospira, canicola, 400, 544 
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Leptospira (cont.) 
icterohemorrhagiae, 544 
culture medium for, 400 
identification of, 544 
in urine, 474 
setae jaundice, agglutination test for, 762 
99 
Leptospirosis, agglutination test for, 762, 799 
agglutination-lysis test for, 762 
complement fixation test for, 843 
Leptotrichia buccalis, 543 
Letonoff-Reinhold method for inorganic sulfur 
1012 
Leucine crystals in urine, 181 
Leukemias, 94 
acute, 96 
aleukemic, 96 
chronic, 96 
leukemic, 96 
subacute, 96 
subleukemic, 96 
Leukocytes, abnormal, 81 
band, 84 
basophils, 78 
classification of, 81 
Arneth, 90 
Farley, 92 
Schilling, 92 
counting of, total, 69 
differential, 101 
disintegrated, 90 
Dohle inclusion bodies in, 94 
eosinophils, 78 
in exudates, 282 
in feces, 262 
in gastric contents, 227 
in transudates, 281 
in urine, 176 
lymphoblasts, 81 
lymphocytes, 81 
megakaryoblasts, 86 
megakaryocytes, 86 
metamyelocytes, 84 
monoblasts, 81 
monocytes, 81 
myeloblasts, 84 
myelocytes, 84 
neutrophils, 78 
toxic, 86, 92 
normal, 81 
plasmoblasts, 86 
plasmocytes, 86 
progranulocytes, 84 
prolymphocytes, 81 
promegakaryocytes, 86 
promonocytes, 81 
proplasmocytes, 86 
segmented, 84 
shift to left, 90 
to right, 90 
thrombocytes (platelets), 86 
Levinson test of spinal fluid, 301 
Levin-Watt test for occult blood, 265 
Levulose in urine, 150 
Levulosuria, 150 
Levy counting chamber, 40 
Lice, identification of, 734 
Liebig test for cyanide, 1100 
Life insurance test for albumin in urine, 142 
' Lindemann test for diacetic acid, 160 
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Lipase, in duodenal contents, 234 
in serum, 1045 
Lipid phosphorus in blood, 1012 
Lipids in transudates, 280 
Liponyssus bacoti, 728, 730 
Listerella, 442. See Listeria monocytogenes. 
Listeria monocytogenes, 542 
colonies on blood agar, 442 
identification of, 542 
Liver function tests, 248 
bilirubin tolerance, 250 
bromsulfalein, 252 
galactose tolerance, 249 
glucose tolerance, 249 
hippuric acid snythesis, 250 
prothrombin, 257 
rose bengal, 253 
Takata-Ara, 254 
thymol turbidity, 255 
Loa loa, 714, 715 
Loaiasis, 714 
Logarithms, four place, 1150, 1151 
Looney-Dyer method for potassium in blood, 
1014 
Looney-Walsh method for albumin and globulin, 
1034 
Loop, inoculating, 408 
Lucilia caesar, 735 
Luken collector, 335 
Luminal, detection of, 1108 
Lundsgaard-Moller method for oxygen capacity, 
997 
Lung disease of rats, 19 
Lygranum, 919 
Lymph nodes, bacteriologic examination of, 455 
Lymphoblasts, 81 
Lymphocytes, in blood, 81 
in exudates, 282 
in spinal fluid, 299 
in sputum, 206 
in transudates, 281 
Lymphocytic choriomeningitis, 647 
complement fixation test for, 839 
Lymphocytosis, infectious, 96 
Lymphogranuloma venereum, 647 
complement fixation test for, 839 
skin test for, 919 
Lyophile apparatus, 421 
method for preparation of plasma, 747 
Lyttle-Hearn test for glucose in spinal fluid, 305 


M agglutinogen, 787 
MacCallum-Goodpasture bacterial stain, 1140 
Mack vaginal smear method for estrin, 326 
MacLean test for lactic acid, 222 
Macrocytic anemia, 99 
Macrocytosis, 99 
Magnesium, in blood, 1020 
normal range of, 1021 

in exudates, 281 

in spinal fluid, 300 

in transudates, 280 
Magnification of objectives and oculars, 3 
Malaria, estivo-autumnal, 712 

quartan, 710 

tertian, 710 
Malarial plasmodia, 703 

Bass-Johns concentration method for, 706 

complement fixation test for, 848 
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Malarial plasmodia (cont.) 
cultivation of, 708 
falciparum, 712 
Henry melano-flocculation test for, 712 
malariae. 710 
ovale, 712 
vivax, 710 
smears for, 704, 705 
species identification of, 710 
staining of, 704 
Malassezia furfur, 621 
Malignant pustule, 450, 497 
colonies on blood agar, 445 
Malleomyces mallei, 514 
Malloy-Evelyn method for bilirubin, 1027 
Mandelbaum method for cytodiagnosis, 284 
Mandler filter, 372 
Manometric blood gas apparatus, 934 
Manometric method, for carbon dioxide ca- 
pacity, 995 
for urine urea, 974 
Mansonella ozzardi, 714, 715 
Mantoux test, 914 
Marbel blood cell calculator, 41 
Maren method for mercury, 1092 
Markey method for amebae, 677 
Marsh test for arsenic, 1086 
Mastic colloidal test, 308 
Mastoids, bacteriologic examination of, 464 
collection of material from, 337 
Mayer-Sabotka method for tocopherol, 1081 
Mazzini flocculation test for syphilis, 886 
McFarland nephelometer, 582 
MclIntosh-Fildes anaerobic jar, 414 
McLean-Selling method for chlorides in urine, 
168 
Mean corpuscular hemoglobin, 63 
hemoglobin concentration, 64 
volume, 62 
Meat extract, 361 
Meat fibers, in feces, 262 
in gastric contents, 229 
Mechanical stage, for microscope, 4 
Medicolegal application, of blood groups, 788 
of spermatozoa, 288 
Megakaryoblasts, 86 
Megakaryocytes, 86 
Megaloblasts, 98 
Melanin in urine, 168 
Melano-flocculation test, 712 
Meningococcus, 495 
agglutination test for, 496 
blood cultures for, 478 
colonies of, 441, 496 
identification of, 495 
oxidase test for, 448 
polysaccharide precipitin test for, 899 
Mercurimetric method, for chloride, in blood, 
1005 
Mercury, detection of, 1087 
copper test for, 1087 
Maren test for, 1092 
Reinsch test for, 1083 
stannous chloride test for, 1083 


| Metabolic rate, basal, determination of, 1053 


Metachromatic stains, 1141 
Metallic poisons, detection of, 1085 
Metamyelocytes, 84 

Metarubricyte, 97 

Methanol, detection of, 1103 
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Methemoglobin, determination of, 1098 
Methyl red, pH indicator, 362, 364 
test, 437 
Methylnicotinamide, in urine, 1076 
Metric weights and measures with equivalents, 
1149 
Mett test, for pepsin, 224 
MG streptococcus agglutination test, 765 
Mice, blood cells in, 17 
diseases of, 19 
feeding of, 14 
inoculation of, intra-abdominal, 29 
intravenous, 24 
Microcyte, 99 
Microcytic anemia, 99 
Microcytosis, 100 
Microfilariae,’ blood examinations for, 715 
serologic tests for, 716 
species identification of, 715 
Micro-Kjeldah] method, for albumin and globu- 
lin, 1031 
for total protein, 1030 
Micrometers, 8 
Micrometry, 8 
Microscope, 1 
care of, 7 
condenser for, 3 
equipment, accessory, 4 
illumination of, 4 
magnification by, 3 
objectives for, 1 
oculars for, 2 
use of, 5 
Microscopy, darkfield, 8, 419 
fluorescent, 426 
of bacterial smears, 405, 418 
phase, 12 
Microsporum, audouini, 612, 621 
canis, 612, 622 
gypseum, 621, 623 
in tinea, 621 
lanosum, 612 
Microtome, 1116 
knives for, 1116 
Milk, cow’s, ash content of, 1057 
bacterial count of, 586, 587 
bacteriologic examination of, 586 
benzoic acid in, test for, 1062 
borax in, test for, 1062 
boric acid in, test for, 1062 
Breed count of, 588 
brucella in, 591 
casein in, determination of, 1061 
chemical examination of, 1056 
coliform bacilli in, 592 
collection of, 1056 
complement fixation test with, 847 
fat in, determination of, 1057, 1058 
formaldehyde in, test for, 1062 
hemolytic streptococci in, 590 
lactose in, 1061 
methylene blue reduction by, 589 
nitrogen in, estimation of, 1059 
paratyphoid bacilli in, detection of, 590 
preservatives in, tests for, 1062 
protein in, estimation of, 1059 
reactions by bacteria in, 435 
reductase test of, 589 
salicylic acid in, test for, 1062 
specific gravity of, 1056 
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Milk, cow’s (cont.) 
sugar in, determination of, 1061 
total solids in, determination of, 1063 
tubercle bacilli in, detection of, 591 
typhoid bacilli in, detection of, 590 
U.S.P.H. Service, standards for, 587 
human, ash content of, 1063 
chemical examination of, 1063 
collection of, 1063 
fat in, determination of, 1063 
lactose in, determination of, 1064 
protein in, determination of, 1063 
specific gravity of, 1063 
sugar in, determination of, 1064 
total nitrogen in, determination of, 1063 
total solids in, determination of, 1063 
Milliequivalent weights, 1152 
definition of, 942 
Millimolar solutions, definition of, 942 
Millimols, 1152 
Mindlin-Butler method for ascorbic acid, 1078 
Mites, species identification of, 728 
Moisture in foods, detection of, 1064 
Molar solution, definition of, 942 
Molds, definition of, 616 
in urine, 184 
of superficial mycosis, 621 
yeast-like, 616 
Moller-McIntosh-Van Slyke urea clearance test, 
975 
Molluscum contagiosum, 647, 657 
Moniliasis, 621, 627 
Moniliids, 621 
Monkey, blood cells in, 17 
Monoblasts, 81 
Monocytes, 84 
Mononucleosis, infectious, 96 
Morax-Axenfeld bacillus, 508 
Moraxella, 445 
lacunata, 508 
Morner test for tyrosine in urine, 150 
Morphine, detection of, 1108 
differentiation from codeine, 1110 
Mosenthal kidney function tests, 192 
Mosquitoes, identification of, 737 
Moss blood groups, 771 
Motility, of bacteria, darkfield examination for, 
419 
flat slide method for, 419 
hanging drop method for, 418, 433 
in semisolid media, 433 
medium for, 375, 433 
of spermatozoa, 285 
Motley method for barbiturates and other seda- 
tives, 1107 
Mouth, bacteriologic examination of, 463 
Mucicarmine stain, 1137 
Mucin in urine, 146 
Mucor, identification of, 615, 645 
Mucus, in bile, 241 
in duodenal contents, 234 
in feces, 261 
in gastric contents, 217, 227 
Mumps, 647 
complement fixation test for, 839, 840 
skin test for, 919 
Muscle fibers, in feces, 262 
in gastric contents, 229 
Mycobacterium, butyricum, 518 
leprae, 523 
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Mycobacterium (cont.) 
phlei, 518 
smegmatis, 343, 518 
tuberculosis, See Tubercle bacilli 
Mycomycin, 567 
Mycoses, deep, 627, 632 
superficial, 621, 630, 632 
Myelin globules, in gastric contents, 228 
in sputum, 205 
Myelin sheath stain, 1138 
Myeloblasts, 84 
Myelocytes, 84 
Myiasis, diagnosis of, 735 
Mylone-Winternitz-DeSito-Nagy 
fibrinogen, 1036 


method — for 


N agglutinogen, 787 
Najjar method, for riboflavin, 1070 
Napier aldehyde test, 726 
Nasal allergic test, 907 
catarrh, of rabbits, 18 
coccidiosis, of rabbits, 18 
Nasopharyngeal swabs, preparation of, 333 
Nasopharynx, bacteriologic examination of, 461 
collection of material from, 332 
National Institutes of Health, 608 
cellophane swab, 697 
Necator americanus, identification of, 698 
Necropsy specimens, bacteriologic examination 
of, 480 
collection of material from, 349 
Necrozoospermia, 285 
Needle, inoculating, 407 
Hagedorn, 42 
Negri bodies, 657, 659 
staining of, 432 
Neisseria, catarrhalis, 441, 497 
classification of, 497 
colonies on blood agar, 441 
flava, 441, 497 
flavescens, 441, 457 
gonorrhoeae. See Gonococcus 
intracellularis. See Meningococcus 
meningitides. See Meningococcus 
perflava, 497 
sicca, 441, 497 
Nematoda, identification of, 696 
Neomycin, assay of, 576 
susceptibility of bacteria to, 562 
Nephelometer, McFarland, 582 
preparation of, 583 
Nephrosis, Congo red test for, 197 
Nessler solution, preparation of, 967 
Neufeld typing, 491 
Neutralization tests, viral, 649 
Neutropenia, 90 
Neutrophilia, 90 
Neutrophils, 92 
Dohle bodies in, 94 
filament, 92 
nonfilament, 92 
shift to left, 90 
to right, 90 
toxic, 86 
Nicholson method for mean diameter of erythro- 
cytes, 106 
Nicotinamide in blood, method for, 1076 
Nicotinic acid in blood, method for, 1074 
Nirenstein-Schiff method fur pepsin, 224 
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Nissl stain, 1138 
Nitrate reduction by bacteria, 436 
Nitrobenzene, detection of, 1103 
Nitrogen, amino acid, method for, 980 
normal range of, 963 
in cow’s milk, 1059 
in human milk, 1063 
in urine, test for, 146 
nonprotein in blood, method for, 977 
urea, in blood, method for, 915 
in urine, method for, 974 
Nocardia, asteroides, 633, 638 
genus, 621 
madurae, 633 
minutissimum, 621, 632 
Nocardiasis, 621, 638 
Nocardin, 567 
Nocturia, 132 
Nonne-Apelt test, 300 
Nonprotein nitrogen, in blood, method for, 977 
normal range of, 963 
in spinal fluid, 300 
Normal, hydrochloric acid, preparation of, 943 
saline solution, preparation of, 955 
solutions, definition of, 942 
sulfuric acid, preparation of, 948 
values, in hematology, 48 
in blood chemistry, 963 
Normoblast, 97 
Normochromasia, 100 
Normochromatic, 100 
Normochromic, 100 
Normocytes, 100 
Nose, bacteriologic examination of, 460 
collection of material from, 332 
Novy anaerobic jar, 414 


O antigen, preparation of, 751 
Obermayer test for indican, 160 
Objectives, achromatic, 1 

apochromatic, 2 

dry, 1 

immersion, 1 

magnification of, 3 
Occult blood, in feces, 265 

in sputum, 207 

in stomach contents, 223 

in urine, 171 
Oculars, 2 

compensating, 3 

magnification of, 3 

micrometer, 8, 589 
Odor, of feces, 260 

of gastric contents, 217 

of sputum, 202 

of urine, 133 
Olef method for counting thrombocytes, 109 
Oligozoospermia, 285 
Oliguria, 132 
Oliver test, for bile salts, in urine, 164 
Onchocerciasis, 714 
Onchocercus volvulus, 714, 716 
One-hour test meal, gastric analysis, 210 
Onychia, 621 
Ophthalmic tests for allergy, 906 
Opisthorchis felineus, 690 
Opsonocytophagic test for brucellosis, 766 
Optical system of microscope, 1 
Organic volatile poisons, detection of. 1103 
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Oriental sore, 722 
Ormsby method for urea in blood, 969 
Ormsby-Johnson method for lactose in urine, 
156 
Ornithodoros moubata, 733 
Ortholidine test for occult blood, in feces, 266 
in gastric contents, 223 
in urine, 172 
Osgood-Haskin test for albumin in urine, 141 
Osterberg-Helmholtz test for beta-oxybutyric 
acid in urine, 160 
Ostwald-Folin pipet, 964 
Ostwald-Van Slyke pipet, 971 
tomycosis, 621, 644 
Ova, collection of, 683 
examinations for, 683 
in feces, 683 
of Ancylostoma duodenale, 698 
of Ascaris lumbricoides, 696 
of Clonorchis sinensis, 689 
of Diphyllobothrium latum, 694 
of Dipylidium caninum, 696 
of Echinococcus granulosus, 695 
of Enterobius vermicularis, 697 
of Fasciola hepatica, 689 
of Fasciolopsis buski, 689 
of Hymenolepsis nana, 694 
of Necator americanus, 699 
of Opisthorchis felineus, 690 
of Paragonimus westermani, 690 
of Schistosoma, haematobium, 690 
japonicum, 690 
mansoni, 690 
of Strongyloides stercoralis, 699 
of Taenia, saginata, 692 
solium, 694 
of Trichocephalus trichiura, 700 
preservation of, 702 
Ovalocytes, 100 
Ovalocytic, 100 
Ovalocytosis, 100 
Oxalate, sodium, N/10, preparation of, 945 
Oxalated blood for hematologic examinations, 47 
Oxalated tubes for blood chemistry, 961, 962 
Oxalic acid, N/10, preparation of, 944 
Oxalic acid paper test, for indol, 436 
Oxford cup method for penicillin assay, 569 
Oxygen capacity of blood, 997 
normal range of, 963 
Oxygen unsaturation of blood, normal range of, 
963 
QOzenae, 514 


PABA, 554 
Packed erythrocytes, volume of, 59 
Pancreas function tests, 273 
Pancreatic enzymes in feces, 269 
Pandy test, 300 
Pantothenic acid in blood, 1071 
Papanicolaou cytologic method, 1142 
Pappenheim method, staining of blood, 76 
Para-aminobenzoic acid, in blood, 1080 
in culture media, 554 
in urine, 1081 
Paraboloid condenser, 9 
Paracolon bacilli, 444, 524 
identification of, 392, 526 
Paragonimus westermani, 690 
complement fixation test for. 850 
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Parasites, in bile, 689 

in blood, 703 

in duodenal contents, 234 

in feces, 664 

in tissues, 703 

preservation of, 702 
Paratyphoid bacilli. See Salmonella 
Paratyphoid fever, agglutination tests for, 761, 

764 
complement fixation test fer, 839 


| Parentage, disputed, blood grouping for, 788 


Paresis, spinal fluid changes in, 313 
Parloidin, 1120 
Paronychia, 621 
Paroxysmal hemoglobinuria, 795 
Partition of total nitrogen in urine, 146 
Passive transfer allergy test, 908 
Pasteurella, colonies on blood agar, 445 
pestis, 510 
tularensis, 509 
blood cultures for, 478 
identification of, 509 
medium for, 388 
Patch test for allergy, 907 
Vollmer method, 914 
Pediculoides ventriculosis, 728, 730 
Pediculus corporis, 734 
Penicillin, assay methods, 569 
cylinder plate, 569 
Kolmer, 573 
media for, 401 
Oxford cup, 569, 572 
Rammelkampt, 572 
Randall, 574 
nature of, 556 
skin test for allergy to, 921 
standard solutions of, 568 
susceptibility of bacteria to, 556 
tests, 557 
Penicillinase, 408, 559 
Penicillium, 615, 645 
Pennington-Snell-Williams method for panto- 
thenic acid, 1071 
Pentose in urine, test for, 157 
Pentosuria, 150 
Pepsin, gastric, tests for, 223 
Hammerschlag, 224 
Nirenstein-Schiff, 224 
Peptones, 360 
Peritoneal exudates, 
of, 468 
collection of, 337 
Permanganate, potassium, N/10, 951 
Pernicious anemia type of erythrocytes, 98 
Peroxidase method, staining of blood, 76 
Pertussis, 335, 506 
agglutination test for, 769 
Pettenkofer test for bile acids, 162 
Pett-LePage method for beta-carotene and vita- 
min A, 1066 
Pfeiffer phenomenon, 535 
pH, determination of, 364 
colorimetric, 364, 366 
drop-ratio, 367 
electrometric, 368 
indicators, 362 
of bacterial cultures, 369 
of culture media, 362 
paper strip, 368 
Phase microscopy, 12 


bacteriologic examination 
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Phenol, five per cent, preparation of, 954 
Phenol coefficient, calculation of, 603 
definition of, 599 
evaluation of, 602 
F.D.A. method, 600 
staphylococcus, as test organism, 604 
reagent, Folin-Ciocalteau, 1032, 1042 
red, 362, 364 
Phenolphthalin test for occult blood, in feces, 
266 
in gastric contents, 223 
Phenolsulfonephthalein tests for kidney func- 
tion, 195 
Rowntree-Geraghty, 195 
Shaw, 196 
Phenylhydrazine test, for glucose, 152 
for formaldehyde in milk, 1062 
Phialophora verrucosa, 632 
Phillips-Van Slyke method, specific gravity of 
blood, 1037 
Phloxine-methylene blue stain, 1131 
Phosphatase in blood, methods for, 1042, 1044 
normal range of, 963 
Phosphorus, acid-soluble, in blood, 1010 
detection of, 1102 
inorganic, in blood, 1008 
normal range of, 963 
in transudates, 280 
Phosphotungstic acid-hematoxylin stain, 1132 
Photoelectric method of colorimetry, 926 
Photometry, flame, 930 
Phthirus pubis, 735 
Picric acid-acid fuchsin stain, 1131 
Picric acid for cyanide test, 1100 
Pigmented cells in sputum, 205 
Pigments, bacterial, 433 
Pin worm, 696 
Pink eye, 507 
Pipets, Babcock, 1058 
cleaning of, 354 
correct use of, 922 
Folin-Wu, 986 
Ostwald-Folin, 964 
Ostwald-Van Slyke, 971 
Plague, agglutination test for, 769 
bacteriologic examinations in, 510 
precipitin test for, 900 
Plasma, human, 744 
COs capacity of, 989 
preparation of, 744 
preservation of, 746 
protein in, specific gravity method for, 1041 
specific gravity of, 1037 
voluine, determination of, 66 
Plasmoblasts, 86 
Plasmocytes, 86 
Plasmodium falciparum, 712 
malariae, 710 
ovale, 712 
vivax, 710 
Plates, preparation of, bacteriologic, 409 
anaerobic, 412 
pour, 409 
shake, 410 
streak, 409 
Platelets, methods for, counting of, 108 
direct, 110 
Fonio, 108 
Orlef, 109 
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Pleural exudates, bacteriologic examination of, 
469 
collection of, 337 
Pleuropneumonia-like organisms, 548 
culture media for, 400 
identification of, 548 
Pneumococcus, colonies of, 440, 489 
identification of, 489 ; 
on blood agar, 440 
polysaccharides of, precipitin test for, 879 
skin test for, 911 
solubility test for, 438 
typing of, 490 
virulence of, 491 
Pneumoliths, 204 
Pneumonia, atypical, 792 
hemagglutination test for, 792 
MG streptococcus agglutination test for, 765 
of guinea pigs, 16 
of rabbits, 18 
Pneumothorax, beef broth for, 404 
Poisons, detection of, 1085 
organic volatile, 1103 
Poliomyelitis, 648 
spinal fluid changes in, 313 
Polychromasia, 100 
Polychromatic, 100 
Polyhedral cells, in urine, 178 
Polymyxin 8, susceptibility of bacteria to, 565 
Polymyxin D, 566 
Polyuria, 132 
Pork tapeworm, 694 
Porphyrins, in urine, tests for, 166 
Potassium, in blood, method for, 1014 
normal range of, 963 
in transudates, 280 
Potassium, acid phthalate, N/10, 944 
chlorate, detection of, 1102 
dichromate, N/10, 953 
iodate, N/10, 945 : 
permanganate, N/10, 951 
Precipitin tests, for anthrax, 900 
for blood stains, 897 
for echinococcosis, 901 
for influenzae polysaccharide, 900 
for meningococcus meningitis, 899 
for plague, 900 
for pneumococcus polysaccharide, 879 
for trichinosis, 901 
in typhus fever, 900 
Pregnancy, hormone tests for, 315 
Aschheim-Zondek, 316, 317 
Friedman, 317 
Kelso, 317 
Rana pipiens, 323 
Reinhart, 318 
Xenopus laevis, 321 
Preservatives, in milk, detection of, 1062 
Pressure of cerebrospinal fluid, 294 
Pretransfusion tests, 771 
precautions in, 773 
sources of error in, 773 
Prevention of laboratory accidents, 35 
Primary atypical pneumonia, 792 
hemagglutination test for, 792 
MG streptococcus agglutination test for, 765 
Progranulocytes, 84 
Prolymphocytes, 81 
Promegakaryocytes, 86 
Promonocytes, 81 
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Proplasmocytes, 86 
Prorubricytes, 97 
ee gland, bacteriologic examination of, 
4 
collection of material for, 344 
Proteins, Bence-Jones, 144 
in cow’s milk, 1059 
in exudates, 280 
in foods, 1064 
in human milk, 1063 
in plasma, 1031 
in serum, 1031 
in spinal fluid, 299, 301 
in transudates, 279 
in urine, 138 
Protein-free filtrate, preparation of, 964, 965 
Proteoses, in urine, 145 
Proteus, colonies on blood agar, 444 
culture media for, 393 
identification of, 392, 531 
morganit, 532 
vulgaris, 532 
X strains of, 532 
Prothrombin, determination of, 113 
test for liver function, 257 
time, Howell method for, 115 
Smith method for, 114 
Prozone reaction, 752 
Prussian blue test for cyanide, 1100 
Pseudocasts in urine, 175 
Pseudohyphae, 616 
Pseudomonas aeruginosa, 511 
colonies on blood agar, 444 
identification of, 511 
pigments of, 433, 511 
Pseudotuberculosis of guinea pigs, 16 
Psittacosis, 648 
complement fixation test for, 839 
Psittacosis-lymphogranuloma venereum group 
of viruses, 655, 657 
Ptyalin in saliva, test for, 200 
Pulex irritans, 734 
Purdy test, 140 
Pus, bacteriologic examination of, 449 
casts, in urine, 176 
in bile, 246 
in duodenal contents, 231 
in feces, 262 
in gastric contents, 217 
Pyknotic erythrocytes, 97 
Pyridoxine in urine, method for, 1076 
Pyrogallic-tannic acid test for carbon monoxide 
in blood, 1095 
Pyruvic acid, in blood, 1069 
in urine, 1069 


Q fever, agglutination test for, 768 
complement fixation test for, 839 

Quarternary ammonium disinfectants, 599 

ethods for testing, 609 

Queckenstedt test, 295 

Quellung reaction, 491 

Quick hippuric acid synthesis test, 250 
method for prothrombin, 113 


Rabbit, bleeding of, 29 
box for holding, 30 
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Rabbit (cont.) 
diseases of, 18 
feeding of, 15 
hematology of, 17 
inoculation of, 21, 27, 29 
serum, complement fixation test with, 846 
Rabies, 648, 657 
complement fixation test for, 839 
laboratory diagnosis of, 659 
Radioautography, 1144 
Rana pipiens pregnancy test, 323 
Rantzman test for acetone in urine, 159 
Rapid system of routine urinalysis, 172 
Rat, diseases of, 19 
feeding of, 15 
hematology of, 17 
inoculation of, 24 
Rat-bite fever, 546, 547 
Reaction, of cerebrospinal fluid, 297 
of feces, 260 
of saliva, 198 
of urine, 134 
Rectum, bacteriologic examination of, 471 
Reductase test, 589 
Reduviid bugs, 741 
Rehfuss method, gastric analysis, 220 
Rein-Bossack flocculation test, 891 
Reinhart hormone pregnancy test, 318 
Reinsch method for arsenic, antimony and mer- 
cury, 1083 
Relapsing fever, bacteriologic diagnosis of, 544 
Renal function tests, 190 
Rennin, in gastric contents, 226 
Lee test, 226 
Riegel test, 226 
Residuum, gastric, 215 
Reticulocytes, 98 
counting of, 107 
Reticulum stain, 1134 
Rh antibody test, 782 
for blocking antibodies, 784 
for sensitization of erythrocytes, 785 
for specificity of antisera, 785 
of saline agglutinins, 783 
of serum-albumin agglutinins, 784 
open slide, 783 
screening, 782 
Rh factor, tests for, 781 
types of, test for, 786 
Riboflavin in urine, method for, 1070 
Rice water stools, 533 
Rickettsiae, isolation of, 650 
size of, 657 
staining of, 431, 655 
Rickettsialpox, agglutination test for, 768 
complement fixation test for, 839 
Riegel test meal, 211 
for rennin, 226 
Ringworm. See Dermatophytoses 
Rivalta test for protein, 281 
Robert test for albumin in urine, 141 
Rocky Mountain spotted fever, agglutination 
test for, 767 
complement fixation test for, 839 
Rose bengal test, 253 
Rosenbach test for bilirubin in urine, 162 
Ross test for acetone in urine, 158 
Ross-Jones test for protein in spinal fluid, 300 
Rothera test for acetone in urine, 158 
Roughton test for carbon monoxide, 1097 
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Rous test for hemosiderin in urine, 172 
Rowntree-Geraghty kidney function test, 195 
Rubner test for acetone in urine, 156 
Rubriblasts, 97 

Rubricytes, 97 


Sabouraud, glucose acid agar, 403 
glucose agar, 403 
maltose agar, 403 
Sachs method for anticomplementary sera, 837 
Sahli hemometer, 54 
Sahli method, for hemoglobin, 53 
for hydrochloric acid, 221 
St. Louis encephalitis, complement fixation test 
for, 839 
Saline solution, dispensing of, 958 
preparation of, 798, 958 
normal, 955 
stock, 956 
titration of, 957 
Saliva, amount of, 198 
amylase in, 200 
chemical examination of, 199 
collection of, 198 
microscopic examination of, 199 
ptyalin in, 200 
reaction of, 198 
salivary corpuscles in, 179 
specific gravity of, 199 
urea index of, 199 
Salivary corpuscles, 499 
Salivary urea index, 199 
Salivation, 199 
Salmonella, anatum, 528 
cholera-suis, 529 
colonies on blood agar, 444 
enteritidis, 529 
identification of, 527 
in milk, 590 
montevideo, 529 
newington, 528 
newport, 528 
oranienburg, 528 
panama, 529 
paratyphi A, 528 
paratyphi B, 528 
paraty phi C, 529 
pathogenicity of, 530 
senftenberg, 529 
thompson, 528 
typhi. See Typhoid bacillus 
typhosa. See Typhoid bacillus 
typing of, 528 
Salmonella infections, of guinea pig, 16 
of mouse, 19 
of rat, 19 
Salmonellosis, collection of material in, 340 
Sanford method for fragility of erythrocytes, 
122 
Sanford-Sheard-Osterberg determination of he- 
moglobin, 52 
Sarcophaga carnara, 614 
Sarcoptes scabiei, 728 
Satellite phenomenon, 504 
Saturation index of erythrocytes, 64 
Saxson method for fat in feces, 272 
Sayer-Yant test for carbon monoxide, 1096 
Scarlet red stain, 1135 
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Schales-Schales method for chlorides, 1005 
Schick test, 909 
Schilling classification of neutrophils, 92 
Schistosoma, haematobium, 690 
japonicum, 690 
mansoni, 690 
Schistosomiasis, complement fixation test for, 
849 
skin test for, 920 
Schlesinger test for urobilin and urobilinogen, 
164 
Schmidt test, diet, 274 
for urobilin, 266 
nuclear, 274 
Schneider pregnancy test, 317 
Schonbein test for cyanide, 1100 
Schultz-Charlton test, 911 
Scudi test for pyridoxine, 1076 
Scutulum, 623 
Seat worm, 696 
Sedatives, differentiation of, 1107 
Sedimentation rate, of erythrocytes, 116, 118 
Cutler method, 117 
Smith method, 118 
Westergren method, 117 
Wintrobe-Landsberg method, 117 
time, 118 
Sediments, in spinal fluid, 296 
in urine, 133 
Segmented cells, 84 
Seliwanoff test for levulose in urine, 158 
Seller stain, 432 
Semen, amount of, 285 
macroscopic examination of, 285 
microscopic examination of, 286 
spermatozoa in, 286 
viscosity of, 285 
Septa, 616 
Serratia marcesens, 444 
Serum, allergy to, 914 
amylase in, 1046 
anticomplementary, <est with, 837 
bacterial action on, 435 
iron in, 1021 
phosphatase in, 1042, 1044 
preparation of, 742 
preservation of, 746 
Shaw kidney function test, 196 
Shearer method for ova in feces, 684 
Sheep, bleeding of, 32 
cells for complement fixation tests, 798 
hematology of, 17 
Sheridan cellulosolve method for amebae, 677 
Shevky-Stafford test for albumin, 144 
Shifts of neutrophils, to left, 90 
to right, 90 
Shigella, alkalescens, 530, 531 
colonies on blood agar, 444 
dispar, 525, 527, 528, 531 
dysenteriae, 530, 531 
Flexner, 530, 531 
identification of, 527 
paradysenteriae, 530, 531 
pathogenicity of, 530 
Shiga, 530, 531 
sonnei, 525, 527, 528, 531 
typing of, 530 
Shull-Hutchings-Peterson method for 
1073 
Sia precipitin test for leishmania, 726 


biotin, 


Sialolithiasis, 198 
Sialorrhea, 199 
Sickle erythrocytes, 103 
Silver nitrate solution, standard, 957 
stock, 956 
Silver test for cyanide, 1100 
Simon test for lactic acid, 222 
Sinuses, bacteriologic examination of, 460 
collection of material from, 332 
Skin tests, conjunctival, 906 
contact, 907 
Dick, 909 
for H. influenzae antibody, 911 
for pneumococcus antibody, 911 
for sensitivity to diodrast, 921 
penicillin, 921 
serum, 914 
streptomycin, 921 
sulfonamides, 921 
Foshay, 911 
Frei, 919 
in brucellosis, 916 
in chancroid, 916 
in coccidioidomycosis, 918 
in dermatophytids, 918 
in dermatophytoses, 918 
in echinococcosis, 918 
in filariasis, 920 
in histoplasmosis, 918 
in lymphogranuloma venereum, 919 
in mumps, 919 
in relation to vaccine therapy, 918 
in schistosomiasis, 920 
in trichinosis, 920 
in tuberculosis, 914 
in tularemia, 916 
indirect, 908 
intracutaneous, 904 
nasal, 907 
passive transfer, 908 
patch, 907 
Schick, 909 
Schultz-Charlton, 911 
Slide method for coagulation of blood, 110 
Slides, darkfield, 420 
nanging drop, 352 
micro, 352 
Smallpox, laboratory diagnosis of, 648 
Smears, bacterial, 405 
moist, 418 
staining of, 421 
blood, 72 
Smith, method for prothrombin, 113 
sedimentation test, 118 
test for bilirubin in urine, 161 
Snuffles in rabbits, 18 
Sodium, in blood, 1016 
normal range of, 963 
Sodium carbonate, detection of, 1106 
N/1 solution, 944 
chloride solution, 955 
hydroxide solutions, 945 
oxalate, N/10, 952 
Solids, total, in cow’s milk, 1057 
in human milk, 1063 
in urine, 137 
Solubility test for pneumococci, 438 
Solutions, standard, definition of, 942 
preparation of, 942 
primary, 943 


INDEX 1175 


Somogyi, method for protein-free filtrate, 965 
test for amylase in blood, 1046 
Sorensen buffer solution, 400 
Spaulding anaerobic jar, 415 
Specific gravity, of blood, 1037 
of cow’s milk, 1056 
of human milk, 1063 
of saliva, 199 
of spinal fluid, 295 
of transudates, 278 
of urine, 135 
Spectrophotometer, Coleman junior, 930 
Spencer test for trypsin, 225 
Spermatozoa, abnormal, 287 
biometric evaluation of, 287 
counting of, 286 
Florence test for, 288 
immature, 287 
in urine, 178 
medicolegal detection of, 288 
morphologic examination of, 287 
motility of, 285 
staining of, 286 
Spherocytes, 100 
Spherocytosis, 100 
Spinal fluid, 289. See Cerebrospinal fluid. 
Spinal puncture, 290 
contraindications for, 290 
indications for, 290 
prone position, 290 
sitting posture, 290 
Spirillum minus, 546 
Spirochetes, borrelia, 421, 430, 542, 544 
leptospira, 400, 474, 542, 544 
staining of, 429 
treponema, 331, 346, 545 
Sporangium, 616 
Spores, drumstick, 455, 537 
fungus, 614 
heat test for, 434 
sexual, 614 
staining of, 428, 434 
Sperotrichosis, 621, 638 
Sporotrichum schenckii, 621, 638 
Sporozoa, 682 
Spray anaerobic culture plate, 412 
use of, 413 
Sputum, 201 
albumin in, 207 
amount of, 202 
asbestos bodies in, 205 
bacteriologic examination of, 465 
bronchial casts in, 204 
broncholiths in, 204 
Charcot-Leyden crystals in, 205 
collection of, 201 
for bacteriologic examination, 334 
color of, 202 
consistency of, 202 
crystals in, 205 
Curschmann’s spirals in, 203 
Dittrich plugs in, 204 
elastic tissue in, 204 
endothelial cells in, 206 
eosinophils in, 206 
epithelial cells in, 206 
erythrocytes in, 206 
heart failure cells in, 205 
lymphocytes in, 206 
myelin globules in, 205 
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Sputum (cont.) 
neutrophils in, 206 
occult blood in, 207 
odor of, 202 
pigmented cells in, 205 
pneumoliths in, 204 
unstained, examination of, 203 
Squibb urinometer, 136 
Stain, for argentaffin granules, 1137 
for iron pigments, 1137 
for mucin, 1136 
Staining, of bacteria, 421 
of rickettsia, 431 
of spirochetes, 429 
Stains, bacterial, acid-fast, 424 
capsule, 428, 429 
carbolfuchsin, 421 
Dorner, for spores, 428 
flagella, 427, 428 
fluorescent dye, 425 
Gram, 422, 423 
Kinyoun, 425 
Loeffler methylene blue, 423 
solubility of, 422 
Wayson, 424 
Ziehl-Neelsen, 424 
rickettsial, Castaneda, 431 
Giemsa, 431 
Machiavello, 431, 655 
spirochetal, Fontana-Tribondeau, 429 
Krajian, 430 
Newman-Lampert, 588 
nigrosin, 430 
Tunnicliff, 430 
Staphylococci, coagulase test with, 439 
colonies of, 440 
enterotoxin of, 482 
identification of, 481 
phenol resistance of, 605 
Staphylolysin, 482 
Starch, in foods, 1064, 1065 
hydrolysis of, 438 
test solutions, 953, 1046 
Starch cells, in bile, 245 
in duodenal contents, 245 
in feces, 262 
in gastric contents, 229 
Sterility tests, of biologics, 608 
of vaccines, 583 
Sternal puncture, 123 
Stippling of erythrocytes, 98 
Stomach contents, aniline in, 1103 
bacteria in, 228 
bile in, 217, 223 
blood in, 216, 217, 227 
Boas-Oppler bacilli in, 228 
collection of, 208 
connective tissue in, 229 
enzymes in, 216 
epithelium in, 228 
examination of, 208 
food in, 217 
fractional analysis of, 210, 213, 220 
lactic acid in, tests for, 221, 222 
leukocytes in, 227 
mucus in, 217, 227 
muscle fibers in, 229 
normal, 215 
in fractional analysis, 216 
in histamine test, 217 
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Stomach contents (cont.) 


normal (cont.) 
in one hour test meal, 215 
occult blood in, tests for, 222, 223 
odor of, 217 
pepsin in, tests for, 223 
pus in, 217 
rennin in, tests for, 226 
residuum, normal, 215 
Sahli test for free hydrochloric acid, 22i 
starch granules in, 229 
test meals, 211 
tissue fragments in, 227 
Topfer method of analysis, 218 
toxicologic examinations of, 1083 
tryptic activity of, 225 
Stomach tube, introduction of, 208 
Stormy fermentation, 454, 539 
Strauss test, for glanders, 514 
for lactic acid, 222 
Streptobacillus moniliformis, 547 
blood culture for, 479 
culture media for, 400 
identification of, 547 
Streptococci, alpha, 439, 440, 487, 488 
anaerobic, 440, 482 
antifibrinolysin test with, 439 
antihyaluronidase, test with, 446 
antistreptolysin, test with, 443 
beta, 439, 440, 482, 488 
colonies on blood agar, 439, 483 
drug susceptibility of, 489 
enterococci, 440, 487, 488 
fibrinolysin test with, 439 
gamma, 439, 440, 487, 488 
groups of, 482, 486 
hemolytic, 439, 440, 482, 488 
identification of, 440 
in milk, 590 
micro-aerophilic, 488 
nonhemolytic, 439, 440, 487, 488 
precipitin tests with, 484 
viridans, 439, 440, 487, 488 
Streptococcus, agalactiae, 590 
anginosis, 486 
erysipelatis, 486 
M.G., 649 
pyogenes, 590 
scarlatinae, 486 
Streptokinase. See Fibrinolysin test, 439 
Streptomycin, assay media, 402 
assays of, 575, 576 
susceptibility tests, 560, 561 
Strongyloides stercoralis, 699 
Strychnine, detection of, 1108 
Subleukemic leukemia, 96 
Subtilin, 566 
Sudan IV stain, 1135 
Sugar, fermentation of, bacterial, 435, 436 
in blood, 985, 987 
in cerebrospinal fluid, 300, 304 
in cow’s milk, 1061 
in human milk, 1064 
in urine, 129 
Sulfonamides, class of, 554 
in blood, determination of, 1050 
in urine, crystals of, 183 
determination of, 1051 
susceptibility tests, bacterial, 555, 556 
Sulfosalicylic acid test, for albumin, 140 


Sulfur granules, 637 
Sulfur, inorganic, in blood, 1012 
normal range of, 963 
Sulfuric acid solutions, 948 
standard normal, 948 
twelfth normal, 949 
Sulkowitch test for calcium, 169 
Sumner test for glucose in urine, 155 
Supravital stain of blood cells, 80 
Swabs, cellophane, 698 
nasopharyngeal, 333 
preparation of, 333 
rectal, preservation of, 390, 471 
Syndrome of Froin, 296 
Syphilis, bacteriologic examinations in, 545 
collection of material in, 331, 346 
complement fixation tests for, 797 
flocculation tests for, 856 


Tabes dorsalis, spinal fluid changes in, 313 
Taenia, saginata, 691 
solium, 694 
Takata-Ara test, 254 
Tannic acid test for carbon monoxide, 1095 
Tartrate utilization, 448 
Tauber test for pentose in urine, 157 
Teeth, bacteriologic examination of, 463 
collection of material from, 335 
Teischmann test for blood stains, 1112 
Tenth normal, hydrochloric acid, 943, 951 
potassium dichromate, 953 
iodate, 945 
permanganate, 951 
sodium hydroxide, 947 
oxalate, 945 
thiosulfate, 952 
Teratoma of testes, test for, 325 
Terramycin, assays of, 577 
susceptibility of bacteria to, 563 
Tertian malaria, 710 
Test meals for gastric analysis, 211 
Test tubes, selection of, 351 
plugging of, 357 
Testicular inoculation of rabbits, 29 
Thiamin in urine, 1067 
Thiocyanate, in blood, 1049 
solution, standard, 957 
Thiosulfate solution, N/10, 952 
Thoma pipets, 40 
Throat, bacteriologic examination of, 461 
collection of material from, 333 
Thrombocytes, 86 
methods of counting of, 108 
Thromboplastid, 86 
Thymol turbidity test, 255 
Ticks, identification of, 730 
Tinea, barbae, 621 
capitis, 621 
corporis, 621 
cruris, 621 
pedis, 621 
unguium, 621 
Tissues, detection of lead in, 1088 
gross, preservation of, 1145 
at low temperatures, 1145 
combined method for, 1147 
containers for, 1147 
Kaiserling method of, 1146 
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Tissues (cont.) 
gross (cont.) 
Klotz method of, 1146 
mounting of, 1147 
permanent, 1145 
principles of, 1145 
microscopic examination of, 1115 
calcified, 1143 
celloidin method of, 1128 
frozen section method of, 1126 
mounting of, 1141 
paraffin methods for, 1116 
rapid, 1124 
slow, 1123 
principles of, 1115 
staining of, acid-fast bacilli, 1139 
for amyloid, 1136 
for argentaffin granules, 1137 
for bacteria, 1140 
for connective tissues, 1131, 1132, 1133 
for elastic tissue, 1133 
for fat, 1135 
for glia, 1138 
for glycogen, 1136 
for mucin, 1137 
for myelin sheaths, 1138 
for nerve tissues, 1138 
for polysaccharides of fungi, 1141 
for reticulum, 1134 
for spirochetes, 1139 
general technic of, 1129 
hematoxylin and eosin method, 1130 
toxicologic examinations of, 1083 
Tocopherol in blood, 1081 
Toisson diluting fluid, 56 
Tonsils, bacteriologic examination of, 461 
collection of material from, 333 
Topfer method for gastric analysis, 218 
Torula meningtitis. See Crypiccoccosis 
Total nitrogen, in cow’s milk, 1059 
in human milk, 1063 
Total phosphorus in blood, 1011 
Total proteins in blood, 1031 
Total solids, in cow’s milk, 1057 
in human milk, 1063 
in urine, 137 
Toxic neutrophils, 86, 92 
Toxicologic examinations,, 1083 
collection of material for, 1083 
for aniline, 1103 
for antimony, 1083 
for arsenic, 1083, 1086, 1093 
for barbiturates, 1106 
for blood stains, 1112 
for bromide, 1110, 1111, 1112 
for boric acid, 1101 
for brucine, 1108, 1109, 1110 
for carbon monoxide, 1095, 1096, 1097 
for cocaine, 1108, 1110 
for codeine, 1108, 1109, 1110 
for cyanide, 1099, 1100 
for ethyl alcohol, 1104, 1105 
for lead, 1088, 1089 
for luminal, 1108 
for mercury, 1083, 1087, 1092 
for metallic poisons, 1085 
for methanol (wood alcohol), 1103 
for methemoglobin, 1098 
for morphine, 1108, 1109 
for nitrobenzene, 1103 
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Toxicologic examinations (cont.) 
for organic volatile poisons, 1103 
for phosphorus, 1102 
for potassium chlorate, 1102 
for sedatives, 1106 
for sodium carbonate, 1102 
for strychnine, 1108, 1109, 1110 
for veronal, 1108 
Toxoplasma gondii, 713 
Trachoma, 648, 657 
Transudates, collection of, 277 
complement fixation tests with, 847 
cytodiagnosis of, 282 
cytology of, 281 
examination of, 277 
bacteriologic, 284 
chemical, 279 
histologic, 284, 1142 
physical, 278 
routine, 277 
Trematoda, 689 
Trench mouth, 542 
Trenner pipets, 40 
Treponema, microdentium, 346, 545 
pallidum, 346 
collection of material for, 331, 346 
differentiation of, 337 
identification of, 545 
in ulcers, 331 

refringens, 545 

Triatoma megista, 741 

Trichinella spiralis, 718 

Trichinosis, 718 
precipitin test for, 901 
skin test for, 920 

Trichocephalus trichiura, 699 

Trichomonas, buccalis, 727 
elongata, 679, 727 
hominis, 679 
intestinalis, 727 
vaginalis, 679, 727 

Trichophyta, 612 

Trichophytids, 621 

Trichophytin, 918 

Trichophyton, allergic reactions to, 621 
crateriforme, 618 
in tinea, 621 
mentagrophytes, 610, 624 
rubrum, 626 
schoenleinii, 621, 623 
sulfureum, 618 
tonsurans, 625 
violaceum, 618, 625 

Trichrome stain, 1132 

Trichuris trichiura, 699 

Trombicula, akamushi, 728 
autumnalis, 728 
deliensis, 728 
irritans, 728 

Trypanosoma cruzi, 719, 722 
gambiensi, 719, 721 
rhodesiense, 719, 721 

Trypanosomes, animal inoculation for, 721 
blood examinations for, 719 
lymph node examination for, 720 
methods for examination, 719 
species identification of, 721 
spinal fluid examination for, 720 
tissue examination for, 607 
xenodiagnosis of, 721 
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Trypanosomiasis, African, 719 
American, 719 
complement fixation test for, 848 


Trypsin, in duodenal contents, 231 


in feces, 270 
in gastric contents, 225 
Tryptophane test, 301 
Tubercle bacillus, animal inoculation test for, 
522 
concentration methods for, 519 
cultivation of, 520 
culture media for, 396 
identification of, 516 
in abscesses, 331 
in feces, 472, 519 
in gastric washings, 338, 480 
in lymph nodes, 456 
in milk, 591 
in spinal fluid, 338 
in sputum, 334 
in urine, 344, 474 
saprophytes, differentiation from, 521 
staining of, 424 
susceptibility of, to streptomycin, 561 
types of, 516, 522 
Tuberculosis, complement fixation test for, 839 
of guinea pigs, 16 
skin tests for, 914 
Tularemia, 331, 509 
agglutination test for, 767 
complement fixation test for, 839 
Foshay antibody test for, 911 
skin test for, 916 
Tunga penetrans, 734 
Turbidimetric methods, 930 
Twelfth normal sulfuric acid, 949 
Typhoid bacillus, colonies on blood agar, 444 
culture media for, 390, 391 
identification of, 527 
in milk, 590 
Typhoid fever, agglutination tests for, 761, 763 
collection of material from, 340 
complement fixation test for, 839 
Typhus fever, agglutination test for, 767 
complement fixation test for, 839 
precipitin test for, 900 
Tyrosine crystals, in urine, 181 
test for, 150 
Tyrothricin, susceptibility of bacteria to, 565 


Uffelmann test for lactic acid, 221 
Ulcerative colitis, collection of material in, 340 
Ulcers, bacteriologic examination of, 457 
Urates in urine, 179 
Urea, clearance test, 975 
in blood, 965 
in exudates, 281 
in spinal fluid, 300 
in transudates, 279 
in urine, 147 
Urea nitrogen, in blood, 967, 969, 971 
normal range of, 963 
in urine, 974 
Urea utilization, 391, 392 
Urease test, 448 
Urethra, bacteriologic examination of, 475 
collection of material from, 344 
Uric acid, in blood, 984 
normal range of, 963 
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Uric acid (cont.) Urine (cont.) 
in exudates, 281 lactic acid in, 129 
in spinal fluid, 300 lactose in, 156 
in transudates, 279 lead in, 1088, 1089 
in urine, 179 leucine in, 181 
Urine, acetone in, 158 leukocytes in, 176 
acid ammonium biurate in, 182 levulose in, 157 
acidity of, 134 melanin in, 168 
Addis sediment count of, 184 methylnicotinamide in, 1076 
albumin in, 138, 142 microscopic examination of, 173 
amino acids in, 146 molds in, 184 
ammonia in, 129 mucin in, 146 
ammonia nitrogen in, 147 nitrobenzene in, 1103 
ammonio-magnesium phosphate in, 182 normal, 127, 129 
amorphous phosphates in, 182 nucleoprotein in, 128 
amount of, 132 occult blood in, 171 
amylase in, 170 odor of, 133 
aniline in, 1103 oil in, 184 
ascorbic acid in, 1079 para-aminobenzoic acid in, 1080 
bacteria in, 179 pentose in, 157 
bacteriologic examination of, 473 pH of, 134 
barbiturates in, 1106 physical examination of, 132 
Bence-Jones protein in, 144 poisons in, 1083 
beta-oxybutryic acid in, 160 porphyrins in, 166 
bile acids in, 162 potassium chlorate in, 1102 
pigments in, 161 preservation of, 131 
salts in, 164 proteins in, 138, 142 
bilirubin in, 161 proteoses in, 145 
biotin in, 1073 pseudocasts in, 175 
blood in, 171 pus in, 176 
boric acid in, 1101 pyruvic acid in, 1069 
bromide in, 1110 rapid system of analysis, 172 
calcium in, 169 reaction of, 134 
calcium carbonate in, 183 riboflavin in, 1070 
oxalate in, 180 sediments in, 133 
phosphate in, 182 specific gravity of, 135 
calculi in, analysis of, 185, 188 spermatozoa in, 178 
casts in, 174 sulfonamide compounds in, 1050 
blood, 175 crystals in, 183 
epithelial, 174 thiamin in, 1067 
fatty, 174 total nitrogen in, 146 
fibrinous, 174 solids in, 137 
granular, 174 transparency of, 133 
hyaline, 174 “triple” phosphates in, 182 
pus, 175 tyrosine in, 181 
waxy, 174 urates in, 179 
chiorides in, 168 urea in, 147 
collection of, 127 urea nitrogen in, 147, 150, 974 
for bacteriologic examination, 343 uric acid in, 146, 169 
color of, 132 crystals in, 179 
complement fixation test with, 847 urobilin in, 164 
creatine in, 146 urobilinogen in, 164 
creatinine in, 146 vitamins in, 1066 
crystals in, 179 yeasts in, 183 
cylindroids in, 175 Urinometer, Exton, 136 
cystine in, 181 Squibb, 136 
diacetic acid in, 159 Vogel, 136 
diatoms in, 184 Urobilin, in feces, 266 
diazo substance in, 166 in urine, 164 
dicalcium phosphate in, 182 Urobilinogen, in feces, 268 
epithelial cells in, 177 in urine, 164 wae 
erythrocytes in, 177 Uterus, bacteriologic examination of, 476 


ethyl alcohol in, 1104 
galactose in, 158 


glucose in, 150, 154 Vaccine therapy, allergic skin tests in relation 
guanidine in, 129 to, 918 

hemosiderin in, 172 Vaccines, autogenous, 579 

hippuric acid in, 129 bacterial, 579 

hormones in, 315 filtrate, 584 


indican in, 160 mixed, 584 
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Vaccines (cont.) 
preparation of, methods, 579 
Heist-Cohen, 580 
Kolmer, 585 
standardization of, 581 
sterilization of, 583 
Vaccinia, virus of, 657 
Vaginal secretions, bacteriologic examination of, 
475 
collection of, 345 
Vaginal smear test for estrin, 326 
Van Allen hematocrit tube, 62 
Van den Bergh tests, 1025, 1026 
Van Slyke gas analysis apparatus, 932 
method for urea nitrogen, in blood, 971 
in urine, 974 
urea clearance test, 191, 975 
for ammonia, in urine, 147 
Van Slyke-Cullen method, for COz of plasma, 
989 
for urea, 147 
for urea in blood, 965 
for urea nitrogen, 147 
Van Slyke-Neill method, for COz content, 995 
Variola. See Smallpox 
VDRL test, for protein, in spinal fluid, 303 
macroflocculation test, 895 
microflocculation test, 893 
Veeder counter, 41 
Veillonella, 441 
Veronal, detection of, 1108 
Vi antigen, 752 
agglutination test, 763 
Vibrio cholerae, 533 
Vincent’s organisms. See Fusospirochetal organ- 
isms. 
Viruses, diagnostic methods for, 646 
principles of, 646 
serolegic methods, 648 
inclusion bodies of, 657 
isolation of, methods for, 650 
chick embryo, 650 
mouse, 653 
rabbit, 657 
Viscosity, of bile, 241 
of semen, 285 
Vitamins, methods for detection of, 1066 
ascorbic acid, 1078, 1079 
biotin, 1073 
methylnicotinamide, 1076 
nicotinic acid, 1074 
pantothenic acid, 1071 
para-aminobenzoic acid, 1080 
pyridoxine, 1076 
pyruvic acid, 1069 
riboflavin, 1070 
thiamin, 1067 
tocopherol, 1081 
Vogel, color scale, 133 
urinometer, 136 
Voges-Proskauer test, 437 
Volhard-Fahr concentration test, 193 
Vollmer patch test, 914 
Volume, index, of blood, 64 
of packed erythrocytes, 59 
mean corpuscular, 62 
mean corpuscular hemoglobin, 63 
Volume, of blood, 66 
of plasma, 66 
of urine, 132 
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Volume (cont.) 
thickness index of erythrocytes, 106 
Volumetric solutions, 942 
Von Pirquet test, 914 
Vortmann test, for cyanide, 901 


Walker method, for serum iron, 1021 
Warthin-Starry stain, 1139 
Washburn perioxidase stain, 76 
Washing soda, detection of, in gastric contents, 
1102 
Water, bacterial count of, 594 
bacteriologic examination of, 594 
buffered, 393 
coliform bacilli in, detection of, 595 
completed test for, 596 
confirmed test for, 596 
fecal-nonfecal types of, 598 
interpretation of results, 597 
presumptive test for, 596 
collection of, 594 
Watson test, for urobilin, in feces, 267 
in urine, 165 
for urobilinogen, in feces, 267 
in urine, 165 
Waxy casts, 174 
Weighing with analytical balance, 940 
Weil-Felix agglutination test, 767 
Weil’s disease, 544 
Weinbach method, for blood sodium, 1016 
Westergren method, for sedimentation rate, 117 
Whitehorn method, for blood chlorides, 1003 
Whooping cough, 335, 506 
Wilbur-Addis test, for urobilin, in feces, 267 
in urine, 165 
for urobilinogen, in feces, 267 
in urine, 165 
Wintrobe hematocrit tube, 60 
Wintrobe method for volume of packed erythro- 
cytes, 60 
Wintrobe-Landsberg method for sedimentaticn 
Pateyab/ 
Wong method for blood iron, 1000 
Wood alcohol, detection of, 1103 
Wood’s light, 613 
Wounds, bacteriologic examination of, 450 
collection of material from, 347 
Wright method, for staining blood smears, 75 
stain, 432 
Wuchereria, bancrofti, 714, 715 
malayi, 714, 715 


Xanthine calculi, urinary, 186 
Xanthochromia, 296 

Xenodiagnosis, of trypanosomiasis, 721 
Xenopsylla cheopis, 734 

Xenopus laevis pregnancy test, 321 
Xerostomia, 198 


Yeasts, definition of, 616 
in gastric contents, 228 
in urine, 183 
pathogenic, 643 


Zephiran, 599 

Zenker’s fluid, 1119 

Ziehl-Neelson stain, 424 
Zwarenstein-Duncan pregnancy test, 322 
Zyospore, 616 
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